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ABSTRACT

The purpose of this project was to evaluate the effects of a kiloton-range nuclear arburst on
buried reinforced-concrete arch structures located in the high overprassure region. Since these
were to 2 considered as personnel protective structures, they were evaluated for their resist-
ance to blast, radiation, and missile hazards.

Four structures, with the top of the arch crown 4 feet below ground surface, were positioned
at three different overpressure ranges for the Priscilla Shot, a 36.6 xt, 7U0-foot-high burst. All
four arches were semicircular in cross-section, with an inside span of 16 feet and an arch thick-
ness of 8 inches. Three of the structures were 20 feet long and the fourth was 32 feet long. A
2C-foot-long structure was placed at each of the predicted ground-surface air overpressure levels
of 50-, 106-, and 200-psi, while the 32-foot-long structure was placed at the predicted ground-
surface air overpressure level of 50 psi. It was specified that all structures be designed to with-
stand a 50-psi peak blast overpressure using 3,000-psi concrete. The four structures were in-
strumented for measurements of air overpressures, earth pressures, deflections, accelerations,
strains, radiation, and missiles.

The four structures received actual air overpressures of 56, 124, and 199 psi and suffered
only minor damage, all remaming structurally serviceable. The structure at the 199-psi pres-
sure level exhibited obvious cracking of the floor slab and minor tension cracking of the arch
intrados; however, even though the damage was slight, the peak floor siab acceleration of 13.4 g
may have been physiologically hazardous to personnel.

It was observed that the earth loading around the arch surface was not uniform and that the
arch itself underwent appreciable bending. The passive pressure exerted by the soil on the arch
surface aided in developing the transmission of the compressive load.

Subsequent analysis, allowing for the actual concrete strength of 4,500 psi, showed that the
capacity of the structures at the time of the Priscilla Shot exceeded the specified design capacity
of 50-psi ground-surface air overpressure. Consequently, the data obtained are not sufficient
for more than tentative conclusions about the ultimate capacity of the structure. A vetest al
higher overpressures should furnish the additional data needed.

The entranceway of the shelter was designed to exclude air overpressure only, therefore
considerable radiation was admitted; however, this entranceway could easily be modified to
greatly reduce the amount of radiation transmitted through it to the nterior of th~ structure.
Also, the entrance is of the emergency type, for economy, and would be secondary to a rapid
access entrance in an actual protective shelter. There were no missile and apparently no dust
hazards in any of the structures.

This test showed that an underground reinforced-concrete arch is an excellent structural
shape for resisting the effects of a kiloton-range nuclear air burst.




FOPEWORD

This report presents the results of one of the 43 projects comprising the }ilitary Effects Pro-
gram of Operation Plumbbob, which included 28 test detonations at the Nevada Test Site {n 1957,

For overall Plumbbob military-effects information, the reader is r1eferred to the “Summary
Report of the Director, DOD Test Group (Programs 1-9),"” WT-1445, which includes: (1) a
description of each detonation, ncluding yield, zero-point locaticn and eavironment, type of
device, ambient atmospheric conditions, etc.; (2) a discussion of project results; (3) a suminary
of the objectives and results of each project; and (4) a listing of project reports for the Military
Effects Program.
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Chapfer |
INTRODUCTION

1.1 OBJECTIVE

The general objective of Project 3.1 was to determine the suitability of underground concrete
arches for use as protective shelters as well as their resistance in the high overpressure rarges
(50 to 200 psi) from a kiloton-range air burst.

The specific objectives of the project were to: (1) compare t.ic response af four underground
concrete-arch structures when subjected to controlled ioading ranging from design 'oad through
failure load; (2) deter.nine the load distribution on a buried arch due to a nuclear blast; (3) gain
a vetter understanding of the basic response of that portion of the arch element which is 1n no
way affected by restraint or support from the end walls; (4) determine tc what extent the e d walls
of an underground arch affect 1ts response; (5) study the interaction of the soil and the structure
1n order to cstaklish an idealizeu soil-structure system that can be adapted to analytical trea:-
mene; (6) detex muse the amount of protection from radiation provideu by the structure; and (7)
gain information of direct use in establishung design criteria for a proiotype cast-in-place con-
crete persc: -2l suelter.

».2 BACKGROUND

Previous nuclear-blast-effect tesis on underground structures have been limited {n number
and have indicated principaily the ability of the stiuctures to withstand the applied loads, as il-
lustrated by the test of the Federal Civil Defense Administration urnderoround group shelter
during Operation Teapot (Reference 1).

Full-scale tests by the Bureau of Yards and Docks, Department of the Navy, on arch struc-
tures located aboveground during Operations Greenhouse (Reference 2), Upshot-Knothole (Refer-
ence 3), and Teapot (Reference 4) demonstrated the potential advantages of arch-type protective
structures, and indicated that added beaefits might 1 esult if such structures were located below
the ground surface anc equpped “vith properly designed end walis 2nd entrances.

Prior to Operation Plumbbob, there wuas no substantiated design criteria for a onlast-resistant,
underground, reinforced-noncrate arch structure. Tt was expected that a {ull-scale test would
furnish information 2n the response of such a structure that would be directly applicable to the
design of rigid-arch strurtures of various spans and lengths.

1.3 THEORY
To test the suitability of the design procedures pertaining to buried arches set forth in EM

1110-345-4.3 to 421, entitled “The Deoign of Structures to Resist the Effects of Atomic Weapons,

(Reference 5) prepared for the Corps of Engineers by the Massachusetts Institute of Technology
(MIT), a contract was negotiated with the firm of Ammann and Whitney, New York, to design a
structure to be tested in this project using the methods outlined in that manual.

Another contract was negotiated with the firm of Holmes and Nar or, Inc., Los Angeles.
California, to analyze the structure designed by Ammann and Whitney using methods cther than
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thuse set forth in Reference 5. The andiysis was perfurmed o predict pressure ranges {rom
ground zeru where 1 ‘_tlure of the truciure wuuld not be expected tactudd desun level), (2)
probabte fadare #nucd e expectad, arat 3t total fatlere i ollapser would be expected.
The MIT desan metr = Reterencs 5 1s based on the assumption that the overpressure trans-

mitied (o an underurund arch .s uniform over the entire surtace ol the arch see Figure 1.1.a).

Ros vpe [ pressure fistrioution resuils In pure compression throughout the arch. I it is as-
Sumed that the nerpressire transmitted tn an underground arch 18 not uniform. 1see Figure
{10 then the arch 5 suliedted 1o coomi .ned verding and ¢ imgtession.  Under this assumption,
e st opdary Loadirg 18 proRaed Dy the recastance ¥ the carth v the nutward deflection of the
arcn. The anaivsis made by H:ames and Narver was based :a an assumption of the latter type.

131 Lod rn Overpressar- Disy Tthating The {nilowing excerpts from Section 421 {Reference
3 e ’1 SFDe £ X, pT.melp v ke 10 the design o the underground arch structure for thus
¥r ect
cagm 1T T sesigm ot eack element f the scraoture oz the static Dlus rmamic

ITIN vwectrrssLTr A L frevd=, M 3 icv’ manary Ses.gm { that element for the static
\l atewaves t 4ty 2 Te Ldar cr e aubectn? The stalc ‘e should fol-
. C ¢ e W g prreebires ~~{ .pecificalions
rage Yi-lx A~Ase 9 ! ctrouilr elements are jowded practicaliv unt-
§orran Wetagd U1 v the eurtY terp.essures and because of their great sufiness
SN IRk It A g He design o8 Nased pon 2 ymamic ived factor of unity t
€ ass T T e g varivowed Lhat Y [ xd vor the entire surfsce o the arch, dome,
FamL o terl o« mafoemoand ~pual U the r-brst werpressure -0 the ground
«riace W re the 1tactite The ea1rth sverntvssure ' vad curves oa plane surfaces
hwsting 1o sheq sarfaces  such as end walis ~f an srch or the top of a circuiar tank,
yre empeXet 80 7oy 4.7 eated elerent f 2 rectanguiar st ture
Troage ileln Dwsomm e it arth, dome, X Citvuliar elemnem 0 suppnrt the
L TN ~iratigste Mo resistance o "hese elements 1o the stanc plus the
Fasmue %3l 3T A8 they are subxxted  The meumum dinamic load 18 handled 18
0 kDN e etatic ! wd so N aemic amadiels 1s imolved [t is assumed that the
V. Joalss n fermby arplied and that 1ty element 18 very nigid under this e
Lt et e thal s hmaeuc Coad factor o ity 18 used

1 32 Nown- an rm Userpressure Dastribation. For a vertically «p 1od dynamic overpres-
SULE PIevi ws Tes< in Nevada (pdicated that the horizortal pressure «n the ertical surface of
2 relatively riid rectanduaar structure 18 approximately 0 15 of the vertt-al pressure (Refer-
ences 3 and T

Shoud the Gindings of Reterences 6 and 7 be substantiated {or an underground semicircular
arch, then such an arch would be subjected to bending. and its uitimate load-carrying capacity
would be intluenced by 1ts {leubility A load appl.ed to ithe arch through the overlying earth
mass would proctuce 3 dJownward deflection of the crown and an outward deflection of the haunches.
This autward Jefiectic n wixid be reaisted by the sat] mass and a passive pressure would be de-
roloped. The exertion of "he passive earth pressure would te beneficial., since a more {avorable
pressure distribution on the arch nught result, depending on the flexibility of the structure and
the compressibiinty f the soil. However, one requirement for such structural behavior is that
the arch permit the deflection and still remain serviceable.

Some assomption must be made relative to the distribution of the Inftial horizontal overpres-
sure. For example. 1t could be 28sumed to be a horizontal overpressure equal to soms fraction
of the vertical overpressure, or it could be a trapezoidal loading with the overpressure at the
crown heing equal to the sertical overpressure, and with the overpressure at the spring line
being equal tu some {raction of the vertical overpressure. Holmes and Narver made assump-
tions that are <h wnin Figure 1.2.

14
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Figure 1.2 Loadings sssumed by the firm of Holmes and Narver, Inc.
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The following excerpte from the Holmes and Narver report (Reference 8) set forth the general
principles used in thetr presho®  “alysis of this project’s underground structure:

“1In the case of semicircular arches, the load due 2 uverpressure is assumed to
act radsaily, following a sinusotdal vaisation, with 2 maximum intensity at the crown
equal to the overpiesdure at the ground surface, and with zero intensity at the base.
tn addiition to this 'primary’ py loading which might be regarded as being the load
pattern which wonld apply to a very rigid structure, a ‘secondary’ py load pattern is
constdered, intended to approximate the load due to passive earth pressure developed
in the regivn of stward aeflection of the arch. This is sassumed 28 a radial sinus-
ondal ivading with maximum intensity py at 9 : 30°, zero intensity at 9 = 60, and
rero (ntensity at the base of the arch where 4 - 0°.

" The stabilizing effect of the py loading 18 a function of the unknown sotl character-
1stics and the flexibility of the arch ™

It was further stated that:

“3everal types of arch {ailure are pussible see Reference 9). An upper limiting
vaiue of the collapsing .d would be obtained on the assumption that the loading is a
uniform radial! pressure {The asaumption made in Section 421 of Reference 5. |
Frilure would then occur either by elastic instability, or by 2 compression {allure in
the matertal

" A second tvpe would be failure due to unsym.metrical loading resulting in high
bending stresses accompanted by minimum thruse.

* A third type of failure would be a symmetrical loading condition producing a much
lower bending stress in conjunctio. with a high thrust.

* The first type of fatlure tmplies complete absence of bending stresses, giving a
coliapsing preasure that s too high  The secomd type of fallure is not critical because
of Its extremely transient nature  This leaves the third type as the critical loading
condition

" The load pattern arsumed to represent the critical loading condition is the sinus-
oidal type previously described.

“Under the losding. yield ‘ hinges’ are assuried to occur in sufficient number to
reduce the structure to a mechanism at failure In calculation of the static yleld
resistance, allowance 13 made {or the elfect of axiz] thrust and the tributary earth
mass on the period of vibration ."

These Holmes-Narver assumptiong concerning the loading were used in their preshot analysis
and have been refined in their postshot analysis. The refinements are presented in Appendix A.

18
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Chapter 2
PROCEDURE

2.1 TEST STRUCTURES

Four reinforced-concrete arch structures were tested during Shat Priscilla, all placed
underground with the top of the crown 4 feet below the grovnd surface. The {our arches were
semicircular in cross section, with an inside radius of 8 feet and 2 thickness of 8 inches. Three
of the structures were 20 {eet long, while the fourth was 32 feet long. The 32-foot-long structure
was included to assure an unrestrained section of arch essentially {ree of end-wall effects, so
that 1t could be determined how far and to what extent end walls aifect arch action. This added
length provided a favor able length-to-span ratio of two to one.

The 32-foot-long structure (3.1.n) and one of the 20-foct-long structures (3.1.a) were placed
in an area for which a ground-surface overpressure of %) pst was predicted; the other two struc-
tures were placed 1n areas for which overpressures of 100 pai (3.1.b} and 200 psi (3.1.c) were
predicted. The general location and shot geometry for the structures are shown in Figure 2.1;
Figure 2.2 shows the plan and cross section of a typical structure.

For clarity, the following definitions pertaining to arches are presented as used jn this re-
port. Also see Table 2.1.

Springing line;: Formed by the intersection of the arch with the flcor slab.
Crown: The topmost part of the arch.

Haunch: The sides of an arch between the springing line and the crown.
Intrados: The inside surface of the arch.

Extrados: The outside surface of the arch.

Arch span: Horizontal distance from springing line to springing line.

2.1.1 Design. The structural design was accomplished by the {irm of Ammann and Waitney
under Contract No. DA-22-079-eng-195. This contract stipuiated that: (1) the structure be
burted so that the crown would be 4 feet below the natural ground suriace; (2) the arch be semi-
circular; (3) the structure be designed to resist the effects of 2 50-r3l groiung-surface air over-
pressure resulting from the detonation of a 30-kt device 500 feet aboveground; (4) the compressive
strength of the concrete be 3,000 pst; and (5) the principles set forth in EM 1110-345-414 to 421
{Reference 5) be followed. The results of the design accomplished by Ammann and Whitney are
contained in Reference 10.

The procedure in the manual dictated a very thin arch to resist the transient load, but in
order to provide a structure suitable to resist both static and transient loads, a thicker arch
was selected. The f{inal structure was intended to be a standard-type structure that could be
used by the armed services if it proved satisfactory in a full-scale test.

Although Section 421 of Reference 5, which concerns below-ground structures, specifies a
dynamic load facter of one, Ammann and Whitney elected to use a dynamic load factor of two,
basing their decision on the discussion in Section 420 of Reference 5, which concerns above-
ground arches.

Ammann and Whitney computed the overpressure load per linear foot of arch length by multi-
plying: design overpressure times dynamic load factor times arch span.

Total load = 50 X 2 % 144 x 16.67 = 240,000 1b/ft
The load at each reaction would then be:

17
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240,000

W = 10,000 lb/ln

Reaction =
Inasmuch as Reference 5 assumes 2 uniform loading, there would be no bending, and thus the
thickness needed to resist the blast would be determined by dividing the reaction by the ultimate
dynamic compressive strength of the concrete:

10,000 -

Required thickness = 000X 1.3<0.35 - 3 Inches, where
the ultimate static compressive <trength is 0.85 x 3,000 psi, and the 30-percent strength ia-
crease {3 assumed for dynamic {blast) loads. However, to meet the American Concrete Insti-

TABLE 2.1 EXPECTED DEFLECTIONS

Swingtng
L

Crown Deflections Haunch Deflections
Radtal Radial Tangential
Structure (inward) Tangential (outward) (downward)
inches inchrs inches inches
3.1.a 05t 0.9 0 03t 0.8 0.2t00.4
3.1.b 0.9 to 17.0 0 0.8 to 10.0* 0.4 to 7.0¢
3.1.ct 17.0 0 10.0 7.0

¢ Pasafve earth pressurss will probably reduce the upper values noted above.
t Collapse {8 anticipated. Maximum deflections cannot be established.

tute (ACD code requirements for the specified 3,000-psi concrete, an arch thickness on the
order of 8 inches (depending upon specific design) was found to be the practical minimum for
static loads alone. This minimum value was established by means of a cracked-section analysis.

The {inal design included No. 4 reinforcing bars (Y;-inch diameter), spaced at 1C-inch cen-
ters transversely and at 12-inch centers longitudinally, placed at the center of the concrete-
arch section.

2.1.2 .amage Prediction. Before Operation Plumbbob, very little was known regarding the
responsr. of buried arches to blast forces {rom nuclear weapons. However, it was necessary
to predict the response «nd establish the locations of the structures in this experiment. These
predictions were also to b« uased to establish the range of the instruments involved and to set
the chznnel sensitivity of each electronically recorded measurement. To this end, the firm of
Holmes and Narver performed a preshot analysis of the arch structure as designed by Ammann
and Whitney, using methods other than those prescribed in Reference 5. The Holmes and
Narver report (Reference 8) predicted that: (1) failure of the structure was not to be expected
at the 50-psi ground-surface air-ovespressure level; (2) probable fallure of the structure would
occur at the 100-psi level; and (3) failure (collapse) of the structure would occur at the 200-pai

20
CONFIDENTIAL




level. The estin.ated displacement along the center portion of the arches of the structures at
the threc pressure levelis 1s skown in Table 2.1.

The general principles used in the Holmes-Narver preshct analysis were given in Section
1.3.2. An important conclusion reached by Holmes and Narver was that:

"“In the case of the arch-type structures, it is evident that soil characteristics
have an important effect on ultimate strength and that proper compaction of the
backfill arcund the sides of the arch is essential for maximum strength.”

To obtain a better understanding of the Lehavior of a buried arch {n the plastic range and tc
determine the ultimate mode of failure of the arch, three one-eighth-scale models of the arch
used in this project were tested 2t the U.S. Naval Civil Engineering Laboratory (NCEL). Geo-
metric similitude was maintained between the model ana the prototype; however, because of the
small scale, no attempt was made to mautain stmulitude of the unit weight of the concrete.
Graded sand was used 1n the concrete mix for the model, and the design strengths of the con-
crete were the same as had been specified {or the prototype. Small steel wires were used to
simulate the reinforcing steel. Soil cover was provided by sand which had been passed through
a No. 10 steve.

For convenlence, the width oi the arch segment was limited to 4 ‘,/, inches. A reintorced ply-
wood box housed the model and the sand cover. Static loads were applied to the sand cover by
a hydraulic jack and steel beam, as showu in Figure 2.3. In order to reduce the frictional re-
sistance of the sand on the plywood during loading, two layers of plastic-impregnated paper
(well greased) were placed on all inner surfaces of the plywood box.

Three arch segments were tested, one with floor slab and two without {loor slab. Soil-
pressure gages placed at the springing line indicated that the loss of vertical pressure through
the soil mass varied from approximately 55 percent at 20-psi applied load, to 45 percent at 50-psi
load, and 30 percent at 130-pst load. This loss was presumably a transfer of pressure to the
sides of the box through {riction and was not considered of much importance in qualitative tests
of this type.

Figure 2.4 shows the arch segment with the floor slab, after sustaining an applied static load
of 175 psi. The crown of the arch and the floor slab cracked at 50-psi applied load. The initial
compression failure of the concrete arch cccurred at one springing line at about 110 psi, and at
the opposite springing line at 130 psi. Failure of one side occurred at 140 psi and failure of the
other side at 170-psi applied load; extreme cracking and spalling of the concrete accompanied
these failures. It should be emphasized that these loads were applied to the surface of the sand,
and that the actual loads on the arch segment were probably less than the above-mentioned vaiues.

The arch deflection at maximum load was approximately ’," inch; permanent set after removal
of the load was Y, inch.

Based on a static analysis of the stricture (assuming 2 nonuniform pressure distribution' and
on results of the model tests, the NCEL prediction of structural behavior of the arch section up
to the design load (50 psi) was as follows:

At a dynamic overpressure of approximately 10 to 15 psi, the moment-carrying capacity of
the arch will be exceeded at the springing line. Since the reinforcing steel will be siressed be-
yond the yleld point, there will, in effect, be plastic hinges formed at the apringing line. During
the next phase the structure will act as a two-hinged arch, and because of the stiffness cf the
arch the deflection will be small, At approximately 25- to 35-psi overpressure, assuming a
symmetrical loading, additional plastic hinges will form at the crown and at the haunches, re-
sulting in a 5-hinged arch mechanism. Fallure of the structure is prevented by the buttressing
effect of the soil against the outward deflection of the haunches. At the 50-pei design overpres-
sure level the arch will show evidence of permanent deflection due to the plestic deformation at
the critical sections. On the intrados of the arch, tension cracks will be apparent at the crown,
and compression {ailure will be apparent at a point on the arch about 25 degrees up from the
springing line. Although the arch v ill be serviceable after receiving a blast load of 50 psi,
plastic hinges will have formed at the five critical sections. It is evident that considerable pias-
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tic deformation will occur before a uniform pressure distribution can be realized. With an asym-
metrical loading of any great magnitude on the arch, considerable structural damage could occur .
during this test because of the small steel ratfo of one-half of one percent. ‘

2.2 CONSTRUCTION AND MATERIALS

The four structures were constructed by the general contracting firm of Lembke, Clough, aud
King of Las Vegas, Nevada. Holmes and Narver acted as the architect-engineer for the Atomic
Energy Commission and provided construction-inspection services for all projects. The entire
construction time for this project was about three months. The excavation {or the {four struc-
tures was completed early in March 1957, the structures were completed by 12 April 1857, and
the back{ill operation was completed by 4 June 1957. (See Appendix G for specifications and as-
sociated design drawings used in conjunction with the construction program.)

2.2.1 Soil Properties. Prior to the field operation, laboratory tests were performed as a
part of Project 3.8, Soils Survey, on both undisturbed and remolded samples of sofl obtained
{rom the general vicinity of the site where the structures were to be located. The soil in the
area had a uniform appearance and textur®, and can be gensrally classified as clayey-silt. The
resulta of compaction tests, Atterberg lin.its tests, and mechanical anaiyses on the natural soil
at varinu= depths are shown in Figure 2.5.

In an attempt to duplicate the compresaibility characteristics of the natural soil, a serles of
tests were performed on samples of remoided sofl of various water contents, using three dif-
ferent compaction etforts. Test specimens were prepared from the mold samples, and a con-
fined compression test was performed in a consolidometer apparatus. A tangent modulus of
deformation was established from the teat data; based on analysis of the data, the backiill ma-
terfal was recommended to be placed at 100 percent standard AASHO density, with a water con-
tent 3 percent less than optimum. The resulting recomm. ~4ed and as-placed values of dry
density and water content for the backfilled soil necessary to duplicate the modulus of compress-
ibility are given in Table 2.2 along with values for the undisturbed natural soll located adfacent
to the back{ill areas.

Shortly after the backfilling operaticn was completed, undisturbed soil samples were obtained ,
{rom both the backfill and the adjacent natural soil at depths of 4 and 10 feet at the four stations. .
Samples were obtained in the backfill after the shot also, but no strength tests were made since
the results from the preshot and postshot density and water-content tests showed no significant
change and thus no change in the postshot strength characteristics of the material (see Table 2.2).
The compreesibility of the compacted backfill was about equal to that of the natural undisturbed
soll when compared by means of similar *ests, i.e., consolidation tests, constant ratio of applied
stress triaxial tests, and soniscope tests, as shown in Table 2.3. The conpressive modulus {or
the compacted backfill as determined by the soniscope test is lower than that for the natural soil,
which may be due to test conditions. The natural soil samples were encased in 3-inch-diameter
steel tubes when subjected to soniscope tests whereas the undisturbed record samples were en-
cased in 6-inch-dlameter cardboard tubes. The difference in tubes may have had 2 marked ef-
fect on the transmission characteristics of the samples. (For a detalled description of the
various soll properti¢s and associated tests, see the report of Plumbbob Project 3.8, Refer-
ence 11,)

2.2.2 Construction-Material Properties. Type II portland cement was used in the construction
of the concrete arches. The aggregate was pit run, screened, and stockpiled at the Frenchman
Flat area; the maximum size of coarse aggregate was approximately 2 inches. A mechanical
analysis of the sand indicated that the grain sizes ranged from a No. 4 to a No. 200 U.S. standard
sleve size. A summary of the proportions used in the concrete mix design for the four structures
is shown in Table 2.4.

Thirty standard concrete cylinders (compressive strength specimens) and ten concrete beams
{flexural strength specimens) were obtained from each structure for laboratory tests which es-
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TABLE 2.2 DENSITY AND WATER CONTENT CF SOIL

Water Content, pet

Dry Density, pef

Ranged Ranged
from To Average From To Average
Undisturbed Natural Soil 9.4 15.1 12.8 73.5 86.3 79.0
Recommended f{or Backfili 20.0 23.0 218 94.7 99.4 97.1
Control Tests during Backf{ili® 17.5 24.0 20.7 68 0 107.0 96.7
Preshot, 4 {t helow 16 3 22.1 192 59 4 104.2 99.9
Surface of Backfill
Pustshot, 4 {t below 16.8 20.8 18.5 90.2 106.1 93.2

Surface of Back{ill

* Average of 40 samples per structure.

TABLE 2.3 COMPARISON OF COMPRESSIBILITY CHARACTERISTIC OF
NATURAL SOIL WITH COMPACTED BACKFILL

Natural Soil ‘psi)

Compacted Backfill (psi)

Ranged Ranged
From To Average From To Average

Modulus of deforma-

tion (consolidated

teats at applied

stress = 50 psi) 2,410 6,080 4,130 .200 6,950 5,300
Modulus of coripres-

sion (triaxial

tests) 1,500 12,000 6,450 3,850 14,000 1,600
Compressive modulus

(sonisc ,pe tests) 223,580 734,050 506,000 130,440 146,340 135,800

TABLE 2.4 CONCRETE DESIGN MIX PER CJBIC YARD

Stansard mix prescribed for all structures

Absolute
Material Weight Volume
Ib o
Gravel 2,000 12.03
Sand, 1,188 b (dry) 1,188 7.70
Free Water in Sand, 4.35 pect or 52 1b 52 0.84
Water Added, 28.5 gal 237 3.80
Cement, 5.5 sacks __.'ﬂ _2_5:1
Totals: 3,994 27.00
1]
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tablished 7-day 28-day, and shot-time strengths. The tops of the cyl:~ ler specimens were
covered immediately after they were prepared. All the exposed surfaces of the specimens and
siructures were sprayed with Hunt's curing compound. The various specimens were placed on
the ground surface near the appropriate structure.

Shortly aiter the forms were stripped {rom the various structures, half of the specimens to
be tested at shot time were removed from the molds and allowed to cure ir *he open. Whun the
structures were backfilled, the specimens that had heen removed from the molds were covered
with the same backfill material in an attempt to simulate the curing condition experienced by
the various structures. The remaining specimens (7-day, 28-day, and the remaining shot-time
specimens) were removed from the molds in the testing labosat “ry. All of the shot-time speci-
mens were sent to the testing 'aboratory one month poior to the Priscilla event.

The laboratory tests, conducted by the Nevada Testing Laboratory, Ltd., Las Vegas, Nevada,
consisted of determ.ning tle compressive strengths, flexural strengths, and static moduli of
elasticity of the concrete specimens at various times after the structures were poured. In addi-
t.0n to these tests, values of the dynamic modulus of elasticity at shot time were 4~termined for
several of the spectmens by personnel of the Concrete Division of the Waterways k., eriment
Station (WES). Tests to determine the static modulus of elasticity were performed on the cylinder
specimens, while the dynamic tests (nondestructive) were performed on the beam specimens in
order to take advantage <f the additional length— thus increasing the reliability of the results.
Dynamic modulus of elasticity was calculated by using procedures outlined by the American So-
ciety for Testing Materfals ' ASTM Designation C215-55T). Several specimens were tested at
the end of seven days to determine if the concrete had attained sufficient strength to allow the
removal of forms. The other specimens were tested at 28 days and 1t the time of the Priscilla
event. The results of all tests indicating the compressive strength values with respect to age
for each structure are shown in Figure 2.8. Four curves of averuge stress versis strain {or
the concrete specimens obtatned from the various arch sections and tested at shot time are
shown in Figure 2.7. The results of the concrete strength tests at the time of the Priscilla
event are shown in Table 2.5.

In addition to the above specimens, NCEL personnel prepared three comgressive and three
flexural strength specimens from both the base slab and the arch of Structure 3.1.n. These
specimens were removed from the molds when the forms were stripped from Structure 3.1.n,
stored on the floor slab for curing purposes, and tested at shot time. The results of these NCEL
tests are included with the strength resulte shown in Figures 2.6 and 2.7.

Intermediate-grade billet steel was used exclusively as the reinforcing material in the various
structures. Ten sample reinforcing bars of 13-inch length were taken for each of the three sizes
used (Nos. 3, 4, and 6). Al bars from each group were tested fur ultimate strength, percentage
of elongation, and stress versus strain into the plastic range. The tests on the reinforcing-bar
3pecimens were performed at NCEL; results of these tests are shown in Table 2.6.

2.2.3 Construction Methods. A backhoe was used to excavate the four areas. The soil prop-
erties were such that the contractor could utilize vertical excavations, thereby necessitating a
miidmum of excavation effort. The sides of the excavation were approximately 2 feet {from the
sides of the base slabs of the various structures, and the {loor of the excavation was levei to
within £ ' ( Inch.

Concrete materiais were combined in a portable, central batching plant adjacent to Water
Well 5b (Frenchman Flat), 2', miles from the construction area. Bulk cement was used and
was stored in a portable hopper that weighed the amount of cement required per batch of con-
crete. A portable batching plant (Travel Batcher) was used to hold and weigh the cement, sand,
and gravel. The cement, aggregate, and water were poured into the mixing trucks (5-cubic-
yard capacity) simultaneously.

The base slabs {or ali of the structures were poured {irst. The steel in the base slab vas
placed according to plan, except that the top reinforcing bars were inadvertently placed one
inch lower than was specified. (See Figure 2.8 for typical placement of reinforcing steel in a
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base slab.) Concrete was placed by a hydrauiic crane with a drop-bottom bucket (}-cubic-yard
capacity) and was compacted by electrical vibrators. After the concrete had attained its {nitial
set. the exposed surfices were sprayed with Hunt's curing compound.

The upper portion of the structures (the arch, end walls, «nd the entrance shaft) was poured
monolithically and placed in the manner described previcusly. The intrados of the various
structures were formed vy placing Universal-type forms (1 by 4 feet) on gemicircular wood sup-
ports fixed on 4-foot centers along the {loor slabs. The extrados forms, seven rows on 1-foot

TABLE 235 CONCRETE STRENGTH CHARACTERISTICS
Specimens tested at the time of the Priscilla evens

Compressive  Modulus Modulus of Elasticity Modulus
Rructurs Nrength, of E of Poisson’s Ratlo, ¢
Ultimate Rupture RNatice Dynamic Rigidity, G

pet pet 10% pai 10% pat 10° pet Dimeasionless

At Bt [+ 4 Dt Et Ft
3ls 4.270 (33 days) 39 3.44 468 4.0 5% 1.93 0.21 0.14
3.1b 4,610 (28 days) 534 3.74 485 4.4 35.22 1.94 0.20 0.18
3.1c 4.730 54 days) S48 3.82 442 452 S5.24 1.84 0.20 0.17
3.1.a 4.210 (76 days) 490 I 5.01 4.7 S$.47 2.01 0.23 0.16
Average 4,470 328 3¢l 488 454 831 1.98 0.21 0.18

* Valuss obtained {rom 6- by 12-inch cylinders, all other values obtained from 6~ by 6- by 2e-inch beams.
. Obtzimed from flexural resorant {requeacy by vibrating wraneverssly in the horizontal plane.

Sarne ss above by vibesting transversely in a vertical plane.

Obtained {rom longitudinal resonant {requeacy.

Obtained {rom torsional resoaant {requency.

Poieson’s ratio, r = E/(2G) ~ 1, using £ value from Columa A.

Same as sbove, :sing E value {rom Columa B

-

Mmoo QW >

centers, were placed on the bettom half of the arch, leaving the remaining surface adjacent to
the crown to be screeded. The exposed concrete was sprayed with Hunt's curing compound after
the concrete had attained its initial set. (See Figure 2.9 for details of form and steel placement
in the arch section of the structures; a completed structure is shown in Figure 2.10.)

Prior to the placement of the backfill, controlled amounts of water were thoroughly mixed
with the backfill material in order to establish the desired water coatent. The material was

TABLE 2.8 REINFORCING STEEL PROPERTIES

Bar Size Yield Cltimate Elongation Modulus of
Number Point Strength in 8 Inches Elasticity
psi psi percent 10% psi
3 52,200 73,400 21.3 29
4 47,500 73,200 213 k]
6 47,100 75,600 22.3 30

then spread in 4-inch 1ifts and compacted with mechanical and pneumatic tampers. The soil
immediately around the earth pressure cells located on the various structures was carefully
hand tamped to attain the same degree of compaction as the surrounding backfill material. Per-
sonnel from Project 3.8 took samples during the backfill operation to ensure that proper com-
paction was obtained. (See Section 2.2.1 for soil properties. )

Shortly after ithe backilll operation was completed, the top layer of soil developed a polygonal
cracking pattern, the cracks penetrating the top lift of the compacted backfill. To prevent fur-
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Fuaure 2.8 Floor slab prior to pouring concrete. Structure 3.1.c.

the sotl. Previous reports (Reterences 6 and T andicate that for Nevada Test Site sml the aver-
age lateral pressurce on a vertical wall of an underground rectangular structure subjected to a
nuclear blast iy approxymateiv 13 percent s great i magnitude as the pressure applied at the
top suriace ot the suil lor depths ot earth vover ot up to 8 teet. This information 1s not directly
applicable to arch structures, however, sice the arch deflection adfects the soil pressure.
Therefore. attempts were made in this mvestigation to determine the load distribution on the
arch.

In addition to a knowledge ot the toading conditions, proper desigin of 4 structure depends on
an uaderstanding of 1ts structurai ochator under the applied loads.  Since idormation on the
response ¢t an underdround arch structure subjected to blast loading 1s meager, response
measurements were dlso obtained ror these structures.

2.3.1 Instrumemtation. Instrumentation of the four structures of this project mcluded both
electrone  remote-recordime and nechanical welt-recording) systems.  Electronic measute-
ments were made of transient air vverpressures, deflections, accelerations, earth pressures,
and strains; mechanical measurements were made ot air overpressures and deflections. The
Ballistic Research Laborator.es (Project 3.7) accomplished the mstrumentation for Structures
3.1.a, b, and c; for a detaited deseription of this work refer to Appendix B. The NCEL accom-
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plished the instrumentation fcr Structure 3.1.n; for a detailed description of this work refer to
Appendix C. The general instrumentation layout, including gage identi/ication for the four
structures, is shown in Figures 2.11 and 2.12.

In order to determine the degree of radiation prote tion afforded, all four structures were
instrumented with gamma film badges and neutron chemical dosimeters bv the Chemical War-
fare Laboratory (Project 2.4). A description of this work i{s presented in Appendix D.

A possibtiity existed that the severe ground shock would spall the inaide surfaces of the
structure, thereby creating misaile {chipa or fragments of concrete) hazards. To determine
the quantity and size J! thuse nussiles, sStyrofoam misaile traps were instatled in all of the
structures by the Lovelace Foundation (Project 33.2). In addition, dust collectors were placed
{n the four structures to determine if the ground shock would cause dust on and within the con~
crete walis to spill into the structure. A description of this work can be found in Appendix E.

The {nstrumentation vtilizad is listed in Table 2.7. Figures 2.13 through 2.18 show the over-
all layout of the recording instr ments in the four structures, as well as a view of the interior
of the structures.

To determine the effect of irradiation on different types of photographic paper and {ilm used
in electronic recording, four types of recording paper and one type of {ilm were exposed to
various intensities of radlation. Results are presented in Appendix F.

2.3.2 Damage Survey. The damage survey consisted of level and transit surveys, photo-
graphs, and 2 visual inspection.

A level and transit survey was performed after the structures were completed, and prior to
the backfiiling. Identical surveys were also performed both prior to and after the shot in order
to determine the relative permanent deflections and movements caused by the ground-surface
air overpressure.

Photographe and visual inspections of the structures were made before and after the shot to
record visible damage and also to aid in the interpretation of instrumantation results.

2.3.3 Methods of Data Analysis. The methods of reducing the records obtained from the
various gages are presented in Appendices B and C. Presented below are two methods in which
the final records shown in Appendices B and C were used to determine: (1) transient deflection
by means of doubie-integration of acceleration records; and (2) transient moment and thrust
from strain records.

Method Using Acceleration Records. Since transient deflection records for the
base slab were not available, the acceleration records for Structures 3.1.a, b, and ¢ were
double-integrated by the g method, originated by 2rofessor N. M. Newmark, to yield the tran-
sient deflections. This method is 2 numerical integration process in which various values of 8
can be selected to represent variations of accelerations in the time interval, h. It is particularly
adaptable to computer solution.

Equation of motion: The equations of velocity and displacement take the following form:

an = Xn+Vnh+(’/z -8) anhz"’ﬂal'hnhx

and

h
Vasr = Varglagran,y

Where: X = deflection
velocity
acceleration
time interval
variable

e <
¥ oo

When 8 18 assigned a value of ¥, the variation of acceleration is linear in the time interval h,
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TABLE 2.7 INSTRUMENTATION SUMMARY
Type Quantity Type Quantity
Electronic-recording Gages: Radiation Measu.ing Devices:
Earth pressure/time 26 Gamma film badges 20
Displacement/tume 17 Neutron chemical dosimeters 20
Acceleration/time 7 Neutron threshcld d. .ices 2
Air pressure/time 2
Strain/time 16 Total 12
Tovdd 68 Missile Measuring Devices 4
Self-recording Gages: Electrical Strain Gages (static readings only) 9
Scratch type (peak deflection only) 4 Mechanical Strain Gage Stations 39
Deflection/time 24
Air pressure/time 6
Total 34

s

Xt g I3

RODASIONY

SRS

2%
IR

Figure 2.13 Interior views, Structure 3.1.a.
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Figure 2.14 Interior views, Structure 3.1.n.

and the deflection equation becomes
- 1 L | 2
Xpey = Xp = Vph» Syaph » fapey b

Since records from accelerometers are subject to baseline shifts, the records shown in Ap-
pendix B were corrected using a method suggested by D, C. Sachs of Stanford Rescarch Institute.
This method assumes that no acceleration for underground st.uctures occurs after ty (tq is time
at which the positive air pressure phase ends) and therefore that the velocity remains constant
thereafter. Since the accelerumeter was found stationary, this constant velocity must have been
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zero. If the first integration of the acceleration record did not give a zerv velocity at tg, the
ans of the acceleration record was saufted to obtawn the desired zero velocity (see Figure 2.17).

This revised acceleration record was then doubie-1ntegrated 1o obtain displacement. Since
from the atove discussion both the acceleration and velocity 4re zero after tg4, 1t foilows that
the displacement at ty must be the permanent displacement. Accordingly, a second shuft of the
acceleration record axis was made 3> that the computed displacements at tq were equal to the
surveyed permanent displacement (see Figure 2.17).

This twice-revised accelerat.on record was then considered valid, and was used as the source
of displacement time data.

Method Using Strain Records. The major purpose of instrumenting Structure 3.1.n
with strain gages was to determine the moment and thrust at various points throughout the arch,
and how this moment and thrust varied with time. In particular, .. was desired to ascertain these
reactions at the springing line.

With this purpose 1n m:nd, strain gages were placed on the outside surface, inside suriace,
and the steel reinforcing (neutral axis of uncracked section) at seven dufferent points around the
arch. There were, however, insufficient channeis to record all of thes ~ Zages during the blast.
It was therefore decided to record the strains at both springing lines, at the crown, and at the
30- and §0-degree pounts of the ground-zero side. In addition, the measurements at the three
latter poiwnts could be recorded only for twe of the three gages. Since concrete cracks at tensile
strains of about 100 to 200 microinches per inch, gages on the tension side would not give worth-
while data at strains greater than this. Therefore, the gage on the steel and the gage thought
most likely to be on the compression side were the two gages used for recording purposes.

in order to sumplify the reduction of strain to moment and thrust, it was assumed that: (1)
the variation of strain across a given section was linear; (2) as long as the structure remained
elastic, a constant value could be used for the modulus of elasticity; (3) the concrete was cracked
at tensile straing greater thar approximately 100 microinches per inch; and (4) the effect of the
steel in the arch ~ould be neglected.

With the above assumpticns, the strains at any given section could be separated into the strain
due to moment and the strain due to thrust. The strain due to motzent would be equal to one half
the ..igebraic difference of the strains in the extreme uncracked fibers. The strain due to thrust
would be equal to one half the algebraic sum of the strains in the extreme uncracked fibers.

The thrust would tihen be determined by multiplying the strain due to thrust by the modulus of
elasticity and area of the concrete. The moment would be determined by multiplying the strain
due to moment by the modulus of elasticity and the section modulus of the concrete.

One strain gage was piaced on the top reinforcing steel of the flo..r slab near each springing
lne. To determine the horizontal reaction at the sprinqing line, it was neces."ry to make the
assumption that the moment in the floor slab at this point was e4ual to the moment in the arch
at the springing line. A moment that placed the intrados in compression at this point would also
produce a compressive strain i the subject gage. An outward movement of the arch would pro-
duce a tensile strain in the gage. Therefore, to determine the strain due to the horizontal thrust,
the bending strain had to be algebraically subtracted from the recorded strain. The strain due
to horizontal thrust was then used in the manner described previously to ¢-lculate the horizontal
thrust in the base slab. This was assumed to be equal to the horizontal reaction of the arch at
the springing line.
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Chapter 3
RESULTS

All four of the structures withstood the effects of the Priscilla hot and remained in usable con-
dition. Even though none of the 3.1 structures fziled, valuable information was obtained from
he test. The buried concrete arches provea very effective in resisting the blast effects from
a nuclear weapon.

This chapter pesents only the peak vaiues of transfent and permanent measurements. The
variations of earth pressure, deflection, acceleravion, etc., with time are presented in Apperdices
B and C.

3.1 AIR OVERPRESSURE

The actual air overoressures receivec at the three ranges were 56, 124, and 199 psi com-
pared to the predicted values of 50, 100, and 200 psi. The project plot plan (Figure 2.1) shows
that Structures 3.1.a and 3.1.n received the lowest loading of 58 psi, Structure 3.1.b next with 124
psi, and Structure 3.1.c received 199 psi, the highest ioading. The closeness of the predicted
values to the recorded values indicated that load-input conditions in this test were satis{actory.

The ground-surface air-overpressure values measurzd by the self-recording pressure gages
appear reliable, since these values compare favorably with the blast-line data. The blast line
was located approximately 250 feet from the above gages.

Measurements showed no increase in air pressure within any of tlie four structures during
the test.

3.2 EARTH PRESSURE

The peak transient earth pressures on Structure 3.1.b (see Figure 3.1) show that in several
instances the earth pressure exceeded the ground-susface air overpreassure. Even though the
values of pressure were recorded to the nearest one psi, some of the values could not be ac-
curately determined because either the range of the calibration or the range of the amplifying
equipment was exceeded This was especially true for gages E10 and E10.1, at the crown of
Structure 3.1.b. These gages were placed next to each other in order to determine what effect
the method of mounting had on earth-pressure measurements (see Appendix B). Only the peak
earth-pressure values for the precursor phase could be compared since the peak values for the
main shock phase were beyond the calibrated range of the gages.

A comparison of pressure values from gages ES and E11 shows that the lcading was asym-
metrical. The peak pressure for gage ES, located on the ground-zero side, was 60 percent
higher than for gage El1, located on the lee side of the arch.

It should be pointed out that the earth pressures being discusses are transient pressures re-
sulting from ground-surface air overpressure and that the static earth pressures (dead load)
existing at the time of the shot are not included. Negative values would indicate reductions in
the existing static ea2rth pressures.

The geometry of the earth-pressure gage mounting at the 30- and 60-degree positions on Struc-
ture 3.1.n (see Figure C.1) adversely affected the measurements. The projection of the mounts
into the 30il apparently caused ar increase of pressure on the gages measuring vertical pressures
and, possibiy because of arching, a decrease on the gages measuring horizontal pressure. The
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gages at the crown and springing line, however, were flush-mounted and gave what appear to be
reliable measurements, which are included 1n Figure 3.1.

3.3 DEFLECTION

The peak transient radial deflections of the arch with respect tu the center ol the floor slab
for Structures 3.1.a, b and ¢ are shown 1n Figure 3.2. These values are the actual recorded
maxima, as read from the deflection-gage records. However, the floor slab itself underwent
differential deflection as indicated by comparing the integrated acceleration records (see Figures
3.7 and 3.8). Therefore, the plots of peak transient radial deflections of the arch were adjusted,
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Figure 3.4 Peak transient deflections with respect to the springing line, Structure 3.1.n.

taking into consideration the movement of the floor slab. These corrected valuen are used in
Figure 3.3, which shows the peak transient radial deflecticns of the arch and cencer of the {loor
slab with respect to the springing line.

The record from the accelerometer located at the ceater of the floor siab for Structure 3.1.a
was not suitable for double integration and could not be used in determining deflections of the
slab. Therefore, since the acceleration ¢! the slab was smail, it was assumed for Figure 3.3
that there was no dif{ferential deflection in the floor slab. However, by comparing the combined
transient deflection of 0.42 inch for Structure 3.1.a with the crown deflection of 0.23 inch for
Structure 3.1.n {Figure 3.4), it might be assumed that the peak transient downward deflection for
Structure 3.1.a ranged from 0.20 to 0.30 inch and that the upward deflection of the center of the
base slab was approximately 0.20 inch, all values being relative to the aspringing line.

The corrected plots (Figure 3.3) show the outward movement of the haunch, which was not
evident in Figure 3.2. Since electronic instrumentation channels in the field were at a premium,
only one gage was located at each of the three points on the arches, even though it requires two
gages to describe the excursion of a point. It was hoped that the two sel!-recording {backup) gages
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would describe both the horizontal and vertical movement of the crown; however, none of the seif-
recording deflection gages functioned.

The peak transient deflections of the 3.1.n arch with respect to the springing lines are shown
in Figure 3.4. In this structure two gages were used 2t each point to trace both the horizontal
and vertical movements. Scction A-A of Figure 3.4 shows the maximum excursion of three points
on the intrados near the center of the structure. These deflections show that the structure under-
went bending with tne crown moving downward and the haunches outward. I can also be obaerved
that the bending was slightly asymmetrical with some movement away from ground zero. The
elevation view shows the deflectiong of the crown along the longitudinal center line of the arch.
The deftections of thig structure were not large enough to definitely establish the disiance to
which the end walls affected arch action. Thnis waz wndscated, however, 17 *he nattern of the
cracks discussed in Section 3.8.

The permanent deflection of the crown with respect to the springing line for Structure 3.1.a,
b, and c i8 compared in Figure 3.5, again showing the influence cf the end walls in restraining
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Figure 3.5 Permanent crown deflection with respect to the springing line
of the arch, Structures 3.1.a, 3.1.b, and 3.1.c.

arch deflection. The permanent deflection of the crown with respect to the springing line for
Structure 3.1.n measured less than 0.05 inch. The permanent deflections determined {from a
level survey are given in Tables 3.1, 3.2, 3.3, and 3.4.

3.4 ACCELERATION

The peak transient accelerations of the floor slabs are shown in Figure 3.8. The largest
acceleration was a 13.4 g at the springing line of Structure 3.1.c. This acceleration had a
duration of approximately 25 milliseconds. It is interesting to compare this peak flcor-slab
acceleration of 13.4 g with the peak {ree-field acceleration of the soil. The top of the floor
slab was 12, feet below the ground surface. At a depth of 10 feet and at the same range as
Structure 3.1.c, References 12 and 19 show free-field accelerations of 16.5 g and 17.1 g,
respectively. It is also interesting to observe how the acceleration increases as the overpres-
sure increases. The same references indicate that by increasing the ground-aurface air over-
pressure from 200 to 300 psi the peak acceleration at a depth of 10 feet would be increased from
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an average of 16.8 g to an average of about 150 g. These high values of acceleration would
most probably be physiologically hazardous to personnel (Reference 31).

The adjusted double-integrated acceleratiun records (see Section 2.3.3 for the methcd used
in “ategrating records) {or gages A-3 and A-4 of Strecture 3.1.b, and 1AV-10 of Reference 12
are shown in Figures 3.7, 3.8, and 3.9, respectively. Th. deflection hustory of the base slab
and free-field measurements as shown 1n the three figures was used in the preparation of a
transient history of earth pressure and deflection for Structure 3.1.b shown 1n Figure 4.2 of the
next chapter. Figures 3.7 and 3.8 were also used in preparing Figure 3.3. The adjusted records
for Structures 3.1.a and ¢ are not shown.

3.5 STRAIN

Strain-versus-time records were taken at 16 points on Structure 3.1.n. Peak transient values
of strain approximately 15C mulliseconds after the arrival of the blast wave at the structure are
shown in Figure 3.10. 'The three stramns at the springing line on the ground-zero side plot into
essentially a straight Line {or any given time. At all other gage sections only two straia values
were recorded. A straight line was drawn through each set of values. Strains were not recorded
on any of the other test structures.

It was assumed that the concrete cracked at tensile strains greater than about 100 microinches
per inch. Based on this assumption, it 1s believed that the concrete was cracked to a depth of
greater than 3 inches in some places.

The largest recorded concrete strain was 575 microinches per inch, at the crown on the ex-
trados. A concrete modulus of elasticity of 4.5 x 10° psi would give a resulting stress of about
2,600 psi. The largest recorded steel strain was 1,000 microinches per inch in tension. It was
in the top steel in the center of the floor slab. When multiplied by a steel modulus of eiasticity
of 30 X 10° pai, t : resulting steel stress was 30,000 psi in tension.

The values of residual or permanent concrete strains were low, as can be seen in Figure 3.11.
Large tensile strains indicate cracks, as can be seen by comparing with Figure 3.17.

3.6 MISSILES

No missiles (concrete fragments) were found in the missile traps in any of the structures.

3.7 RADIATION

A summary of the total radiation dose within the four structures and the total amount at the
ground surface (free-field radiation dose) is shown in Figures 3.12 through 3.15. These four
figures show that the entranceways admitted the major portion of the radiation dose into the
structures. Although no special effort was made to attenuate radiation at the entranceways,
examination of the figures shows that radiation was attenuated greatly with distance.

3.8 DAMAGE SURVEY

Structure 3.1.a. Visual inspection of the interior of this structure indicated minor damage
In the form of amall hairline cracks located mainly in the floor slab. The location of these
cracks is shown in Figure 3.16.

Structure 3.1.n. Visual inspection of the interior of this structure indicated minor damage
in the for-a of small hairline cracks located in the iloor and intrados. The location and size of
the cracks are shown in Figure 3.17. The restraint cf the end walls on the arch action is grapi-
fcally illu.trated by these cracks, even though the cracks are of insignificant widths. The crack
pattern indicates that the end walls affected the arch for a distance of about 11 feet, or slightly
less than 1Y% times the arch radius.

Structure 3.1.b. Visual inspection indicated minor damage in the form of small- to mediu.
size cracks. The width of cracks in the floor slab varied from hairline to ¥ tnch; the crackr

9 {Text continued on Page 59)
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Figure 3.12 Total nuclear radiation dose profile, Structure 3.1.a.
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Figure 3.14 Total nuclear radiation dose profile, Structure 3.1.b.
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Figure 3.18 Postshot crack survey, Structure 3.1.b.

10 the intrados varied from hairline to 'y; tnch. It is apparent that the floor slab underwent
bending, with the top of the floor slab in tension. Horizontal hairline cracks located 7 feet
avuve the plane of the springing lines on the ground-zero side of the intrados show that the arch

also underwent bending.

structure.

Figure 3.18 shows the results uf the postshot crack survey of this

Structure 3.1.c. A large number of cracks developed in the {loor slab, intrados, and end
walls of this structure. The width of the cracks in the (loor slab varied from hairline to ’,’,. inch,
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while the cracks tn the intracos varied from hairline to !y, Inch in widtn. The results of the post-
shot survey of cracks are shown in Figure 3.19. Cracks in the {loor slab are visible in the two
fntertor views of Structure 3.l.c, shown In Figure 3.20. Figure 3.21 shows one of the diagonal
cracks in the fluor slab (the ioose material on the floor is grout, not structural concrete). The
general crack pattern around the grout-{illed hole through which an earth-pressure gage was
placed under the center of the floor slab is shown in Figure 3.22.

Minor compressive spalling of the concrete was observed over a 2-foot length on the ground-
zero side of the intrados, near the center of the structure and approximately 2 feet above the
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Figure 3.23 Hatch cover, Structure 3.1.c, postshot.

springing line. Horizontal cracks 7 feet up from the plane of the springing lines on the intrados
of beth the ground-zero and leeward side of the arch indicated that the arch was subjected to
bending.

The entranceway hatch cover and the surrounding ground surface prior to the imtial re-entry
of the structure are shown in Figure 3.23. Some scouring of the earth was observed on the
ground-zero side. The entranceway had been moved away from the earth on the ground-zero

side, creating a vertical crack between the concrete surface of the entranceway and the earth
backfill.
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Chapter 4
DISCUSSION of RESULTS

4.1 CONSTRUCTION MATERIALS

In a field test 1n which the lvad 1s generated by an atomic vreapon, it 1s just as unportant that
the actual strength of the mater:ials involved (1. e., the concre.e, rewnforcing steel, and soil}
closely approximate their design strength values as it i1s for the actual blast pressure to closely
approximate the design blast pressure. The degree of proximity of the actual values of material
strength and blast pressure to the predicted values dictates the degree of success of the experi-
ment.

4.1.1 Concrete Strength. The average concrete compressive strength of the four structures
at the time of the Priscilia Shot was approximately 4,500 psi, o $7 percent greater than the
design strength of 3,000 psi. Therefore, the structural capacity of the arch structures to resist
overpressure loadings was accordingly greater. The average concrete strength for Structure
3.1.c (199-psi air-overpressure level) at shot time was 4,300 psi, t ich was 60 percent greater
than the design strengtl. I it is assumed that resistance to failure depends on ultimate con-
crete strength, then the ultimate load (ground-surface overpressure that would cause collapse)
for the 4,800-ps1 concrete would be appreciably greater than that for the 3,000-ps1 concrete.

If 2 uraform radial loading (Figure A.1, Loading A) 1s used and 3,000-psi and 4,300-psi con-
crete strengths are assumed, the calculated collapsing air overpressures for Structure 3.1.¢
for these two strengths would be 280 psi and 450 psi, respectively.

4.1.2 Backfill Material. In tests of buried structures, knowledge of back{ill material 18
important since it 1s through this medium that the air-induced ground shock must pass in order
to act upon the structures.

The degree to which the load is diverted from tae structure (the arching action of soil) is a
difficult quantity to evaluate and no attempt 18 made in this report to determine the arching
characteristics of the soil surrounding the test atructures. However, the back{ill was placed
and controlled so that the modulus of compressibility would be the same as that of the adjacent
aatural soil; thus, a siven overpressure woutd cause equal deflections in the backfill and in the
natural soil. (See Table 2.2 for a comparison of moduli of compregaibtlity. ) In order to attain
this duplication of the moduli of compressib:isty, it was necessary that the density and the water
content of the backfill material be greater than that of the natural soil. Because of the duplica-
tion of the compressive moduli, the test structures were surrounded by soil having nearly the
same load-carrying capacity as that of the natural soil.

By compar:ng the density and water-content samples prior to and after the shot, it was
found that no change in water content or density of the back{illed soil occurred at depths of 4
feet below the ground sur{ace at the three pressure levels.

The depth of the backfill cver the arches was not changed by the effects of the chot. The
measured depth of earth cover over the crown of Structures 3.1.2, b, ¢, and n was 4.3, 4.1,
4.1, and 4.2 feet, respectively.

The strains and deflections measured on Structure 3.1.n during backfilling were small. Ap-
proximately 250 strain readings were taken, none of which were greater than 50 microinches
per inch. The deflection 1 eadings showed that during backitiling the maximum upward deflection
of the crown was about 0.01 inch and the maximum inward deflection of the haunch midway be-
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tween the springing line and crown was about 0.01 1nch. At the complet:n of the backfilling,
the crown was deflected downward about 0.02 :nches and the haunch was deflected outward about
0.01 1nch.

4.2 ARCH RESPONSE

The crack Lattern of the model arch (Figure 2.4) tested by the U.S. Naval Civil Engineering
Laboratory (NCEL) was geometrically sim:lar to the crack patterns (Figures 3.16 through 3.14)
that developed 1n all {our prototype structures. The compressive spalling of concrete observed
in Structure 3.1.c occurred 2 feet abuve the spriaging line, which corresponds closely to the
geometrically equivalent lecation of compressive farlure 1n the model arch. On the basis of
Jeometric simulitude only, the predicted load to produce failure for Structure 3.1.c by using
the values ootained {rom the mode! arch 1s calculated as follows:

p = 2m’fp
p T T

Where: Pp = Failure load prototype. (Assume that the dynamic load 1s carried
as 1 stutic load and that the concrete strength, f{., 18 increased for
dynamic capac:ty, Reference 5).

= Static failure load, model. (Section 2.1.2: Failure on one side
occurred at 140 psi and the other at 170 psi; however, the effective
load on the arch must be computed bty reducing the pressures by 28
and 25 percent, respectively, to account for the ioad loss to the
walls of the test container. The eifective loads are therefore 101
and 128 psi1, respectively, the average being 115 psi.)

f, = Concrete strength, prototype. (4,780 psi {rom Table 2.5 multiplied

by a dynamic increase factor of G.od X 1.30 equals 5,300 psi. }

{, = Concrete strength, model {3,000 psi).

m

Then:

115 psi < 5,300 psi

= = 2 i
p? 3,000 psi 03 psi

If a value of plus or minus 10 percent 1S assumed for the variance of concrete strength, then tne
pressure to cause failure would range from annroximately 180 to 220 psi. The effect that the
end walls of the prototype structure had 1n 5 porting part of the overpressure load is not in-
cluded nor 13 the magmtude of that load crnown. These crude calcuiations coupled with the evi-
dence of compressive spalling indicate that the arch may have been very close to failure.

It was found that the four structures underwent a gross transient and permanent downward
displacement, as well as relative deflections of the arch and floor slab with respect to the
springing lines of the arches. The total permanent dovaward displacements of the four test
structures, refervnced to a survey point located on th tup of the entranceway ot [ ach structure,
1s presented :n Figure 4.1, showing that the displacemen' caused by the blast increased linearly
with air overpressure up to the 200-ps) ievel.

4.2.1 Transient Response to Earth Pressure. To represent graphic - the transieat response
of the arch to the earth pressure or ground shock, sequential plots of eart pressure and de-
{lections (Structure 3.1.by with respect to tuime, along with the respectiv. ground-surface -’
overpressures, are shownin Figure 4.2. In the sequential plots, the base \line AB) has v n
removed {rom the arch proper, thus giving two distinct plots {i.e., arch and base slab) of earth
pressure and deflection. The radial arch deflections are plotted with respect to the springing
line, whereas the base slab not only shows the relative deflection of the center of the base slab
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with respect to the springing line but also shows the transient gross displacement of the spring-
ing line as well. ln addition, based on data obtained in Project 1.5, (Reference 12), free-field

sou displacement determined at the same air-overpressure range (see Figure 3.9) also 18 shown
n Figure 4.2. Even though the {ree-field data were taken at a depth of 10 feet and the toy of the

18 T (
—
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! ' i . N 1 1 . .
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Figure 4.1 Permanent downward displacement of the 3.1 structures.

slab of the tust structure described herein was located 12 feet 8 inches below the ground surface,
the free-{leld data were referenced to the original location of the bage slab (line A,B,) so that a
direct comparison of displacement could be made.

The air-induced ground shock arrived approximateiv 200 msec afier zero time (time of det-
onation). The first visible effects of earth prcasure on the crown of the arch occurred at 205
meec. The fol.owing i8 a description of the response of the arch structure at the times of the
various plots shown in Figure 4.2,

At 210 msec: The entire structure began moving downward (gross movement) as a rigid
body; the free-tield point had not yet started to move.

At 230 msec: The earth pressure was nearly uniform over the entire arch surface and
base slab. The free-f{ieid »oint nioved downward 0.14 inches while the base slab moved down-
ward 0.11 inches.

At 250 msec: The precursor wave was nearly terminated and the decrease in earth pres-
sure couid be obse:rved. In addit*an to the gross displacement of the structure as a whole, the
arch began to deflect with respect to the springing line.

At 260 msec: The main shock arrived. Here again, the crown, by virtue of its position,
vas subjected to load before the {ree-field point, which explains why the downward movement
of the base slab caught up with the downward displacement of the {ree-ileld point. Apparently
the arch deflection had not yet responded to the main shock. 1t was also observed that the pres-
sure at the 45-degree lines increased slightly, while the pressure at the springing line was es-
sentially zero. This fact was also obsersed during the initial precursor bulld-up at 210 msec.

At 270 msec: The earth pressure was rapidly building up a1 ound the arch with the
greatest pressure at tF2 crown. The pressure on the bage slab at the center was decreasing,
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while the pressure at the end was micreasing, indicating redistribution o f pressure and the ini-
Laalaoft Of Cracaing 1a the base slab.

At 280 msec: The ground-surface air overpressure was approxamately 70 psi and de-
creas:ny rapidly. The earth pressure continued to build up around the arch, .ncreasing greatly
al toe shrinagnd dne. The pressare onthe s.ab at the Cenler was degative, whele the pressure
Lodd-up at the end was ¢unstdet able, thus indicating that by now the slab had cracxed through
tsee Figure 3.15 tor crack pattern) and that the central portion of the slub was no longer capable
of carrying luads transmitted by the arch. The slab under each springing line was now acting
4s 4 wall footing, carrying rhe lvad transmitted by the arch. Rather than attempt an intuitive
interpretation of the pressure distr.bution on the base slab, the pressure distribution 1s shown
to ve trianfuiar wtiaouigh the actual pressure distribution most likely was not triangular. The
relative movement of the slab was greater at the center than at the ends, thus showing that the
cracked slab tfoutings) was betlr 2 punched into the soil. The arch was beginnung to respond to
the 2.ain sNOCK, >hoang asy MALLrical deliection, the haunch on the ground-zero side moved
inward while the ppusite hauach moved outward.

At 300 msec: The earth pressure at the springing line increased with respect to the
wtrer earth pressares around the aren ring. Thus might be expiwned as being the at-rest pres-
stre while the other obsorved pressures are active pressures being reduced by arching in the
s} On the other hand, this may be due to an outward movement at the springing line and thus
e 2 od. ve earth pressure. There are aot sufficient data to determine if there was any move-

ment at < ringing line, althuugh such movement would be consisteat with the general inward
dellection . *eh ring.  The displacement of the {ree-field point became greater than the
displacemes ~e sltah.,

Al 320 mseq: relanive increase of the springing line earth pressure continued. The
relative deflect.on (0.0 <+ of the center of the slab with respect to the springing line reached
« maximum. The springing L. 065 displacement exceeded that of the free-field point.

At 33u msec: The deflecunn curve showed an inward bending of the crown.

Al 330 msec: The gross downward movement of the springing hine reached 2 maximum
value of 2.31 inches. By comparison, the peak transient downward disgiacement of Structure
3.1.¢ was 3.26 inches.

At . The carth pressure decreased greatly while the arch deflections reached
a maximum. The displacement of the base slab and the free-{icld soll point began to decrease.

At 370 myec: The earth pressure decreased greativ. There was no duferential de-
{lection between the center of the floor slab and the ends.

At 400 mgec: The crown and ground-zero-side haunch were returning to the permanent
»el ut a faster rate than the leeward-side haunch. The {ree-field point gross displacement ex-
ceeded that of the springing line.

At 450 msec: The permanent det of the flour slab is shown. The last trace of earth
pressure was recorded at 500 msec.

At 79) msec: The permanent set of the arch ring 18 shown and 18 compared with the
salaes obtained from 4 level survey.

The peax transient and permanent deflections of the crown with respect to the springing line
are shown in Figure 4.3. The permanent deflections tn this case were approximately one half
the masnitude of the maximum transient deflections.  These plots indicate the possibility of
compiling a set of fatlure eriteria based upon cltimate permanent set.

4.2.2 Arech Reaction.  The strain intormation was used to determine reactions, l.e.,
moments, thrusts, tc.. for Structure 3.1.n. A sequential plot of moment and thrust {or the
areh s shown in Frgure 440 An onteraction d1ag: am of moment and thrust (using the data from
Froure 4.4 tor the springing hine and crown 18 shown i, Figure 4.5 ade.ng with interaction curves
for the working swress of 1,320 psi for 3,000-ps1 concrete, the working stress of 1,900 psi for
4,210-n81 concrete (actual average cylinder strength for Structure 3.1.n, Table 2.4), and the
diagram for ultimate moment and thrust (Reference 15; using the dynamic strength value for
3,000-ps1 concrete.  The diagram for ultimate moment and thrust using the dynamic value of
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the measured concrete strength 18 not shown. The figure shows that the arch unde-went ap-
preciable bending action.

Plots of moment, vertical reaction, and horizontal reaction at the springing line Struc-
ture 3.1.n are shown 1n Figure 4.5. All three plots show that the response at each sp inging

~TRUCTURE 3.).e STRUCTURE 115 STRUCTURE 3.1.¢
56 PSS 124 PSI 199 PSI
{ { i

OEPLECTION, INCHES
©

° [} 100 200
PLAK OVEQPRESSURE, P8

“E3END

@ rtax Transiznt oerLEcTION
QO reamangnr sy

Figure 4.3 Peak transient and permanent deflections of crown with
respect to springing line, Section II1, Structures 3.l.a, b, and c.

line was approxamately the same and that the time lag for the response at each springing line
was neglizible. The vertical reaction at the springing line, assuming that the gruund-gurface
air overpressure (58 psi) 18 projected vertically, {8 as follows:

56 pst < 1210 {t < 100 in
Reaction = 7700 ib fp = 67 kips {t

The average vatue of the maxtmum vertical reaction fer each springing line (Figure 4.6) is 65
kips per foot, which appruaches the value calculated from the ground-surface air overpressure.

73
CONFIDENTIAL




QA3 A Lige

u-»-!ozu-m TS miee

Cige
AT U™

!

P
431 4
330t sige
/
SSiee 23 e

(EXLRT ™Y 101t sips ad O AIge

e Ground 2810

T vge

Livipm

1811 spe

y

38018
22 upe

St A‘o‘nw. SOLue oie 1OM Lgs 00 meez

$8¢10ipe
0 ahipe

23 Momaent 11 -kios parft (Piotied on tension side)

433530 Thcust, kips par 11 (Values plotted on inside ara comprassso)

Teme 18 atftar arrieat of afast wove ot Structure 31n (T, 2 274 milnsoconds)

Figure 4.4 Transient mement and thrusts, Structure 3.1.n.

18
CONFIDENTIAL




ERLYT™ 301tane

.71 aigo

XL l 434 8ipe 173 wmsec 8 Nipe

Tetrape  $2MMM 2ainwe

s——————e Ground Zero

L LT
stTaee

/

hadidaad IITPYI 223 moss.

Hougy *

{

f
4310 upe] :30 0100 279 meec I"WJ

T4 aigy AAALIRTITH

Figure 4.4 Continued.

A comparison of this auverage value and calculated value indicates that the vertical component
of earth pressure on the structure 18, ior practical purposes, e.sal to the ground-surface ar
overpressure directly above the structure.

4.3 RADIATION

A metnod of predicting gamma radiation within buried structures (presented in Reference 13)
was used to predict the 2verage radlation within the fuur structures The method assumes that
radiation will follow the pat® of least resistance, and thus it 18 assun-ed that the rafiation 2x-
perienced right-angle turns as illustrated in Figure 4.7. It {s also assumed that onc right-angle
turn attenuates radiation by a factor of % or (6.7 X 107%) and that two right-angle turns ancnuate
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Figure 4.7 Assumed transmission of gamma radiation into the 3.1 structures.
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1t by a factor of Y0 or {5 X 107%). In addition, 1t 1s also assumed that radiation is attenuated by
the ratio of entranceway area to wail area. The atte~zauon factors for materials such as con-
crete, steel, etc., are deiermined 1n Reference 14.

Since radjation eaters structures of the 3.1 type 1n two ways, (1) through the entranceway,
and (2) through the earth cover and concrete arch sectivn, the attenuation factors for the two
naths of radiation must pe determined. The calculations are 1s foriuws:

The ~ttenuation factor (Ay) for entranceways can be determined by means of the following
formuia:

A‘t = AdKASKAa

In this formula, A, = total attenuation factor

Aq = attenuation caused by two right-angle turns in radiation
transmission = 5 ~ 1077

= attenuation factor for ! ,-inch steel plate =, 107!

A, = attenuation etfect determined by the ratio of entranceway area
to wall area = 16.3 1t? - 83.7 {t? = 2 x 107!

Thus, A, 1s determined to be 9 X 107¢,

The attenuation factor (&) for earth cover and concrete arch can be determined by means
of the following formula:

Ay = AgX A XA X A,

total attenuation factor

In this formula, Ay

A4 = attenuation caused by one 90-degree turn in radfation
transmission = 6.7 < 1072

Ap = attenuation factor for 48 inches of soil = 5 x 107
A¢ = attenuation factor for 8 inches of concrete = 3.5 X 107!

A, = areaeffect = ¥;d* - d=3.3x 10"

Thus, A, 18 determined to be 3.9 x 107°,

The attenuation factors, as calculated above, were used to predict the radiation within the
structures and the resulting values are shown in Table 4.1 along with measured radiation values
taken near the center line of the structures. It 1S interesting to ncte that the predicted values of
mternal gamma radiation intersect the curves shown in Figures 3.12 through 3.15 at distances
of 5 to 8 feet from the entranceway.

1.4 ACCOMPLISHMENT OF OBJECTIVES

The general and specific objectives listed in Chapter 1 are repeated here along with a state-
ment regarding how well thoy were accomplished.

General Objective. “To determine the suitability of underground concrete arches as
protective sheiters as well as their resistance in the high-uverpressure ranges (50 to 200 psi)

* The use of a “‘radiation-window” width cf d/3 13 arbitrary. It represents an attempt to
find a corrclation between the increase of “window” width and an increase in attenuation due
to increased soil thickness.

81

CONFIDENTIAL




TABLE 4.1 COMPARISON OF PREZICTED WITH MEASURED GAMMA
RADIATION DQSE WITHIN THE STRUCTURES

Prew.oted Internd Gamma Dose

- . 0 Measured
Structure Free fleld Al haalion Fadtors Gan.ma
! Gamma Dese Eatranceway So1l and Concrete Total Do:;‘
9 <1074 33 x107%
r r T r r
3laardn 105 <10} 95 1 99 45
31b 2.9 ~ 107 180 8 138 125
3.1lc 3.0 x 10° 270 12 282 210

* Measured 13 3 feet from door in 3.1.2, b, and ¢, 1¢ feet from door 1a 3.1.n.

rom a kiloton-range air burst.” The resistance of the 3.1-type structures to high overpressures
was provad to be adequate.

Specific Objectives.

1. *“To compare t.e response of four underground concrete arch structures when subjected
to centrolled loading ranging from design load through failure load. ” Even though the cluse-1n
structure did not {ail, the comparisons of the responses of the structures at the three overpres-
sure levels has provided valuable data concerning the behavior of such struciures under three
loads.

2. "To determine the load distribution on a buried arch due to 2 nuclear blast.” The load
1istrioution was determ:ned and compdared to the ground-surface air overpressure even though
the magn:tude of certain earth-pressure records was questionable,

3. “To gain a better understanding of the basic response of that portion of the arch element
which 18 1n no way atfected by restraint or support {rom the end walls.” Analysis of the data
showed that the response of the arch was significant 1n both bending and compression. From
the available data it 1s not known to what degree the end walis restrained arch action at the cen-
tral portion of the structures.

4. “To determine to what extent the end walls of an underground arch affect 1ts response.”

It was found thi* the end walls restrain the arch for a distance ranging from approximiately one
to one and one half times the arch radius.

3. "“To study tne interaction of the soil and the structure to establish an idealized soil-
structure system that could be adapted to ardytical treatment.” Although the magnitude of cer-
tain earth-pressure values 18 questionable, the interaction of the soil and structure was compared.
The sum of the vertical reactions at the springing lines for Structure 3.1.n was e.sentially equal
to the total air-overpressure load directly above the structure. The value uf the horizontal com-
ponent of earth pressure is uf paramount importance since 1t can greatly increase the structural
resistance of the arch by providing an opposing reaction. Test results indicated that the ratio of
horizontal to vertical earth pressure is closer to 0.5, which s much greater than the previously
accepted vajue of 0.15 (References 6 and 7). A more accurate knowledge of the horizontal to
vertical pressure ratio must be known before any 1dealized system can be developed.

6. “To “etermine the amount of protection from radiation provided by the structure.” The
protection 8 determined and 18 graphtcally presented in this report. it 18 evident that the ad-
diticnal pretection trom several half-value layer thicknesses of material located between the
hatch cover and interior of the structure woulu reduce the gamima dose to a tolerable value even
at the 200-ps1 wr-pressure range.

7. “T) tun information that 21l! be of direct use in establishing the design criteriz for a pro-
totype cast-tn-place concrete personnel shelter.” Several methods of loading have been pre-
sented (Figures 1.1a, 1.2 and A.l) but the {inal selection of loading criteria cannot be made untii
failure is produced in one of the structures during some future test.
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Chapter 5
CONCLUSIONS and RECOMMENDATIONS

5.1 CONCLUSICNS

The following conclusions are based on the behavior of the sotl-strusture combination de-
scribed herein and are limited to similar combinations subjected to stmilar loads,

The 3.1-type structure pro*«d to be 2n adequate shelter for resisting air overprecsure of up
to 200 psi, thereby shuwiny thal an underground retnforced-concrete arch 1s an excellent type
siructure for use in previding protection against nuclear-blast »tfects.

A reasonable design methud for underground arches cannot be develuped until more is known
about the dynamic properties of soil-structure combinations. In this case it was observed that
the earth pressure distribution around the relatively stuf arches were nonunudorm and slightly
asymmetric, thus causing the arch to undergo appreciable bending. The transient earth pres-
sures exerted on structures of this type were greater at some pomnte than the ground-surface
air overpressure. This seems to be due to 2 combination of reflerted and passive earth pres-
sures.

The earth-overpressure distribution around a relatively rigid arch structure is nonuniform
and the arch element undergocs appreciable bending,

The horizonta earth pressure resulting from ground-surface air overpressure i8 apparently
greater than had been previously anticipated.

Displacement of the 3.1 structures as a whole, as well ag the celative deflection ¢ e crovm,
15 directly proporticnal to the overpressure. During transient loading, a test structure buried
in the Frenchman Flat soil moved at approximately the same rate and magnitude as the free-
field surrounding soil.

The end wails 2ffect arch action for a distance of about 1!, times the arch radius.

Strain gage measirements of the test structure at the 56-ps1 level yielded vaiuable informa-
tion for determining moments and thrusts tn the arch. Flane sectior< before loading remained
plane during loadinz. The vertical reacticns at the springing line were approximately equal to
the ground-surface ar overpressure times the vertical projection of the arch structure. The
largest moments and thrusts occurred near the springing line, and this would be the prooable
location of any failure.

The simple entranceway used for the structures sealed out the air pressure. It was not de-
sumed to attenuate radiativn and thus aid not provide adequare radiation nrotection for personnel.

At high-pressure levels (grzater than 100 psiV, floor slabs that are monolithic with the arch
recerve relatively high magnitude loads and accelerations, which may make it necessar; to use
shock-mounted floor:ng 1n order to reduce possibie adverse phys.ological effecte.

5.2 RECOMMENDATIONS

it 18 recommended that the use of footings be inv:stigated for arch-type structures. The {loor
slab of the siructure could be mace much thinner and poured separately, then jotrned to the footing
with some tyne of flexible water seal. This method of cunnection would most likely reduce the
tnduced acceleration to the {loor slab caused oy the air-induced grovnd shock. The design meth-
od as shown 1n Reference 5 may corntinue to be used until refinements to the procedure are de-
termined or 2 new procedure is preserted. The significant bending measured in Structure 3.1.n
points out that the procedure which is based on compression solely from the dynamic lcad may
not be as conservative as belicved previously. The entranceway should be modified for ac ial
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uge to reduce the radiation admutted to the interior of the structure. This cuuld be accomplishked
in several ways, depending on the intended use of the structure: one methcd would be to use the
existing entranceway but add baifle walls within the structure, another would be to utilize an
entrancewdy separated from the structure by at least one 90-degree, horizontai turn.

The 3.1-iype structures should e exposed to much higuer vverpressures duruig future tests.
Deflection measurements to determine cutward movement of the spring:ng line shouid be made,
in addition to determ:nations of the excursions cf points located at 30, 45, 60, and 90 degrees
on the arch intrados. The apparent success of using strain gages in determining reactions
shows the usefulness cf this type of gage for uge in future tests.

The results of tiie s..mple mode! tested in the laboratory ponts up the possibility of this type
test in determining: fauure modes, deflecticn patterns, the effect of various soul types on the
ultimate load-carrying capacity of structural elements, and the verification of design methods.
It i3 recommended that a model testing program be imtiated and also that full-scale tests be
.onducted to verify the predicted values obtained in the model tests. Since the cust of building
and testing models 1s smail compared to the cost of prototype structures, a‘'arge number of
model tests could be performed so that statistical results for a wide variety of test conditions
can be obtained.
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Appendix A’
IDEALIZED LOADING CRITERIA

Further analyt.cal develupment and tests resulting
in structural tailures will Ly required to verify the
adequucy of any method of caliulating the vverpressure
required to cause collapse of 2 buried ar~h. In the 1n-
terim, any recofimendations for loadir g v ritersy must
be considered to be tentutive.

Further analytical developnient and tests resulting 1o
structural failures will be required to verify the ade-
quacv of any method ot caleulating the uverpressure
required to cause collapse of a4 buried arch. In the 1n-
terim, any recommendations for luading criteria must
be considered to be tentative.

A.1 DISCUSSION

It 15 possible to develop analyses accounting for the
contribution of passive sou pressure to the resistance
of the arch which are rigorous to the extent of provid-
ing 2 so1l reaction in the region of outwiard movement
which 18 proportional to the radial defiection. Refer-
wnce 3 presented o less sophisticated aftempt 1o dceount
for this pasaive soil pressure by usc ol an inward act-
ing soil lcading at tne haunches. A correlation ot either
method with test resuits to provide worthwhile loading
criteria does nut appear to he practical at thus time.

Serious consideration was aiso givet o the possi-
bility of using a simple varuable to express the intlu-
ence of arch flexibility and soil properties. This ap-
proach was found to be tmpractical in the present
state of the art, due to th2 impossioility of assigning
a defimite numerical value to this variable.

Methods which fail 1o account for arch flexibility
and »u1l propertics may not result in optimum design
of arcnes vth large rise o span ratios. However,
anitil the vauabies wvolved can be properly sviaterd
these methuds seem w be necessary, and are probably
adequate provided that (1) sutficient ductinty 1s pro-
vided in the arch o permit large Jdeflections without
«oliapse, and {2) suitable backtili nreperly compacied,
1> doud. For arcaes wvitn igh rise to sue ., ratios re-
uiremen, () 3 ms more impoertuat than providing a
Aegh moment cepacity.

Fhe conceot , modal loadings (Reterences 16 and

YUy the data trom Appendix B, the tirm ot Holmes
and Narver, Inc., perfornied 1 postshot analy 8 for
WES (Reference 15).  The most signif.cant results
were the wdealized foading :ileria contained in Chap-
ter 5, which has been 1epruduced here as Appendix A.
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17) 13 a reasundble way of providing the necessary re-
sistince ggainst several possible types of fa:lure.
Some of these modes may not be critical fo~ 2 given
aruh shape ur span, but, nevertheless, should be 1n-
cluded to avuid overiooking 4 ceritical condition in
other cases.

To pe acceptable, any criteria presented should in-
clude vne or more loadings producing bending 1n the
arch 1n order w provid: a minimum flexural strength
which might otherwise be luching. The difficuity lies
in determining just what this mimimum should be.
There appears to be no alternative o basing this est
mate on a guess as to the collapsing overpressure for
these arches.

Three loadings, designated A, B, and €, are pre~
sented {(Figure A.1j, the first being 1dentical witk Load-
ing (1a') of Reference 16. Loading 8 alters Loading
{1b* ) of Reference 16, reducing its severity by amit-
1ng the amount of thrust to be considered tn combina-
tion with the bending moment. This gives & reauit
more nearly ta accord with the corciusicn, based on
the permanent weformatica pattern of Structure 3.1.c,
that taiivre will not ovcur 1n an anusymmetrical mode.
Loading C 13 2 vaniation of loadng (1¢' ) of Reference
16, modified to predict the anticipated collapsing over-
pressure for this arch. Provisions are wncluded {or
considering the transient nawure of Loadings B and C.

In the case of semcircular arches the bending mo-
ment from Loading C 18 very much less than that which
would be obtained with the same peak sverpressure
untformly distributed over the horizontal projection of
the arch. biost of this reduction is attributable to the
buttressing action ot the soil around the haunches. In
the case of flatter arches tiis aciion may not be devel-
oped to the degree attained in & semicircular arch. On
the other hand, a3 the rise 10 span ratio decreages, the
bending moment {.om Loading C begins to approach and
finally exceeds, that which would be vbtoined with the
peak overpressure umformly distributed vver the hor-
izontal projection, »o that the intluence of huttress
action becomes relatively L-3s important with decreas.
ing rise to span ratios. This creates an uncertain
situation that would require further study, ind probably
tests, for clanification. Because of this, applicability
of the ¢riteria given here to arches having rise to span
ratios of less than about V¢ may be questionsble.

In establishing the resistance of the arch for blast
lnading conditions ultimate strength methods should be
used which account fur redistribution of moment due to
formation of yield hinges. Increased yteld stresses
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Figure A.1 Recommended idealized loadings.

86

CONFIDENTIAL




appropriate to dynamic loading should alao be used.

{f we proportions of the structure inaicate appreciable
aball 2ction, this should be 2ccounted for (n the design,
+ad the structure shouid be retwaforced as required to
carry shieil stresses in addition o those resulting {rom
Arch actien.

It shuuld be emphasized that In practice this loading
criter'a, or any other aimed at predicting the collaps~
ing overpressure, may not control the design. De-
pencing on the occupancy or function, the structure
may become unserviceable at an overpressure much
less than that correaponding to total collapse.

A.2 RECOMMENDED LOADS

The following three load conuitions are recom-
mended for design of completely buried reinforced
concrete arches.

Loading A {Compresston Mode): A static
uniform radial load acting inward with an iatensity
equal to the pesk overpressure at .he ground surface
(Figure A.13).

Because the pericd of vibratton of the arch in this
tvpe of loading ta relatively short compared to the rise
time of the overpressure, the overpressure should be
regarded as a steady state load rather than a transient
load. Toe factor of safety against buckling abould ot
be iess than 1.0 and the axial thrust shouid not exceed
the yfeld capacity of the arch section.

Loading B (Deflection Mode): A com-
bined loading (Figure Alb) consisting of parts Bl and
B2 as follows:

1. A uniform radia] load acting inward on the s.le
adjacent o the blaa., acting simultanecously with a
uniform radial load of the same (ntensity acting out-
ward on the far side. The intensity of the load should
be equal to 50 percent of the peak overpressure act-
{ng at the ground surface.

2. In combination with load Bl, a unfform radial
load acting 1nward over the entire periphery with an
intensity equal to 50 percent of the peak overpressure
acting at the ground surface.

With negligible error, the i0ad Bl can be essumed
to decuy ligearly from the wnitial peak value to zero
in the time required for the shock wave to travel
across the structure, and the load B2 can be constd-
ored as a stsady state load.

The required resistance should be computed by
considering ioading Bl as a dynam!ic rather than a
etatic lnad. For anaiysis purposes the pertod of vi-
bration of the arch for this loading condition can be
calculated as that of a bearr, with a length equal to ths
developad length of the arch from springing line to
crown. Conaider the beam fo be hinged at the end
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corresponding to the crown of the arch and to have
the same support condition at the cther end as that
axisticg at the base of the arch. The period of vi-
bration should atlow for the weight of earth cover
over the arch between crown and springing line, and
{or the effect of axizl taruat.

When the relative amounts of thrust and moment
place the arch section in the compression regime,
ibe gross concrete section should be used in com-
puting the pertod of vibratica.

Due to the short duration of this load condition,
buckling may be ignored.

Loading C (Compression-bending
Mcde): A combined lezding (Figure A.lc) consist-
{ng of parts C1 and C2 as follows:

1. A uniform radial load acting {nwsard, and over
the central one third of the length of the arch axis,
with a uniform radial load acting outward on the outer
thirds. The intensity, Py, of the loag on the central
onae third of the arc should be varted 23 a function of
the length, s, of the arch axis, and the spen, L, ac-
cording to the formula:

Pg
Peo * v
)

2. In combination with load C1, 2 uniform radial
losd acting inward over the entire periphery with an
intensity equal 1o the peak overpreasure at the ground
surface.

The load C1 should be considered to have the same
variation with time as that of the overpressure on the
ground surfzce. In lleu of this, an equivaleat linear
approximasation of the variation with time may be used.
Ths load C2 can be considered as a steady state load.

The required reasistance should be computed by
considering loading C1 as a dynamic rather than a
static load.

The period of vibration ‘or this loadiwg condition
should be computed as that of & sioply supported
beam with a span oqual to ore third of the total length
of the arch uxis, and should aliow for the weight of
eartn over this portion of the arch, cad for the effect
of axial thrust.

Only the central portion of the arch abould be in-
vestigated, assuming simple support at the potnts of
load reversal. The effect of thrust from load C2 on
moment capacity and buckling of the arch should be
considsred.

I the relative amounts of thrust and moment place
the arch section in the comprossion regimo the gross
concrete section should be used in computing the pe~
riod of vibration and the critical buck!ing load.

Toe resistance of the outer *hirds of tbe arch
should not ba less than that provided in the central
partion.

Application of this losding criteria, neglecting

COUNFIDENTIAL




sne1l astion, gives the foliowing resuits for these
arches:

Auvproximate
Luadling Collapsing Overpreasure (psi)
A 3iv
3 )
C Jiv w 370

{The apove collapsing overpressures for the 3.1 arch
structures are based on a concrete strength of 4,500
g3l and a dynamic increase tactor of 33 percent. The
slresses due o dead icad are neglected. )

Luauing © gives the critical conditton for these
arches. and probably would ccntrol 1n cearly all other
cages. The upper limit for Loadiag C 18 obtained by,
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(1) using a low value for tne estimated effective dura-
ticn of the overpressure, (2) us:ng the gruss concrete
section {n calculaiing moment capacity, neglecting the
steel, and (3), neglecting buckling  Neglecting buck-
i.ng may be reaiistic {5r a2 short spdn semicireular
areh, wut ity beueved that buckling shouid be con-
sidered fer lunger spans.

Ta> lower iimet for Loading C 18 chta.uned by, (1)
using a higher estimated valae for the effective dura-
tion of the overpressure, (2) us.ng the cracked section
1n calculating moment capacity, and (3) considering
buckling.

Loading C predicts a substantial decrease in col-
lapsing overpressure under « long duration pulse.
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Apoendix 8’
NSTRUMENTATION of STRUCTURES 3.1.a,b, and ¢

8.1 QUANTITY AND LOCATICN

Two general types of gages were used. electronic
recording 4and mechsmcal seif-recoraing. A wtal of
15 clectronte carth-pressure gages, 6 electrenic ac-
celerometers, 9 viectronic Jetlection gages, 6 seif-
recoring pressure gages and 3 self-recording de-
flection Juges were emptoyed. Tabie B.1 i18t3 the
rurges and positions of these gages. Figure 2.11
shows the actual locations of gages on the structures.

B8.2.1 Accelerometers. Acceleration measure-
menis were made with Wiancko Type 3 AAT acceler-
ometersy (see F Jfure 3.1). The sensing element con-
sisted of an armature bonded at its center to the vertex
of a V-shaped spring member and held 1n close prox-
1mity W an E-ccil (see Figure B.2). The E-coil was
composed of two windings wound ou the extreme legs
of an E-shaped magnetic core. As the armature ro-
tated. 1t decreased the reluctance of the magnetic path
defined by the armature, the center leg, and one ex-
treme leg of the E and increased the reluctance of the
other, similar path. A weight, the size of which de-
penoed upon the range of the accelerometer, was at-
tached to one end of the armature so that an accelera-
tion 1n a direction normal to the armature caused it
to rotate about the vertex of the spring. With the
windings of the E-coitl connected into a full-impedance
bridze. an unbalance voltage roughly proportional to
tne applied acceleration could be obt.ined.

The accelerometer was also sensitive to rotational
accelerations — it couid not be used where these were
aresent. The stiffnesa of the spring was such that
linear accelerations were measured only in the de-
sired direction. The accelerometers were oriented
in the vertical direction {or these structures.

The natural {requency of a 5 g accelerometer was
approximately 70 <ps, of 2 100 g acceierometer, ap-
proximately 450 cps. The gages were damped to 0.70
of ¢ritical at a4 temperature of 40 F.

The accelerometers were mounted on the (loors
gpaced from the concrete by a ”.—mch-thlck lead wash-
er to dumpen out unwanted nigh-{requency components.
Three properly spaced threaded studs were {ixed into
the concrete. The gage was positioned so that thres

!By H.S. Burden, Project 3.7, Ballistic Rezearch
Laboratories, Aberdeen Proving Ground, Maryland.
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holes drilled 1n a flange around one end of the gage
case were [itted over the studs. Thus, the gage was
mounted with 1ts sensitive axis (the axis of the cylin~
dricai case) lying parallel to the d:rection of the ac-
celeration that was being measured.

B.2.2 Sl Pressure Gages. Tha earth-pressure
measurements were made with a Wiancko Type 3-PE
fcoung stress gage (see Figures 8.3 and B.4). The
zensing mechanism was formed by two tnflexibie cir-
cular plates separated by 2 spring seal around their
edges. One of the plates was bored concentrically and
the hole was covered by a flexible diaphragm flush
with the outside surface of the plate. Thus, two ad-
Joining chambers were created: one formed by tha
volume between the two circular plates and a smailer
one formed by the volume of the drilled hole. The
chambers were filled with fluid so that when pressure
was appiied squeezing the two plates together, the
flexible diaphragm was wulged outward. This motion
was coupled to an armature (see Vigure 8.4) and
caused it to rotate near an E-cotl of the type described
tn Paragraph B.2.1. The bored plate was the base for
the gage and was placed against the {ooting. As pred-
sure was applied, the motions of the aolid plate snd the
the flexible diapbragm were in the yame diraction, but
the amplitudes of thelr motions were in {nverse pro-
portion to their respective areas.

Two methods of mounting the earth-pressure gages
were employed. In each, provision was made for al-
lowing a solid, fizt surfsce for support of the gags base
plate and an even distribution of pressure over the
sensitive plate. Where measurements underneath a
structure were to be made, a square hole was left in
the concrete floor slab so that after calibration the
gage could be lowered into the hole with its sensitivo
face directly flush against the ground. Reinforcing
bars were welded to existing bars tn the walls of the
holes; thus, when concrete was poured into the bole,
the gage was cast into a block which was esaentially
a part of the structure. The ground under the sensi-
tive plate was prepared to allow even cistribution of
preasure, the concrete incased the base plate firmly.

Where measurements were made on the sides or
the top ol the structures, a hole the stize of the hous-
ing of the gage-sensing mechanism was cast in tha
wall of the siructure. Tl o> gage was then set against
the atructure, with the sensing-mechanism housing

CONFIDENTIAL




i1ting iato the hole and the bage plate resting squarely
o0 he structure surtae. A lengih of pipe, threaged
over the gage cable, was screwed into the sensing-
MeChdDISM Douniig 3¢ tab it exteaded through tu the
dAscde of We structare. Over thts pipt. the Lo anyg
WETe LidleQ 1L SUyLence: & ¥ Ladel Ravilyg dismeler
greater tnan that of the hose 1n the aall, a helica)
spring, and a nut which screwed onte the ens

pipe o compress the spring. The [Hrce prouaces it
the comdressed spring held the gage firmly against
the outside surface of the wall. A fairing of Calseal
grout (a plaster-of-Paris-type matesial) was applied
around the gage to smooth the contours ot the installa-
tion (see Figure B.10). During the backill operaticn,
a syuare box was placed over the Jages and removed
when the level of the backfill was above the gage.
Backlill so1l was placed 1ato the resulting void in 2-
inen ifts and carefully hand-tamped untal the void was
comp.eteiy fuled.

An adastional gage, E10.1in Structure J.1.b, was
inytalled on the top of the structure usii¢ 3 mouniing
nethd Sih.,.ar 0 that used for the uther giges un the
Wps uf the structures, except that the grout {auring
wag omitted. This gage was placed adjucent o gage
E19 of the same structure. A compartson of the re-
cords may be {ound 1n Figure B.12.

allowed the spring 10 be weund W and heid at 2 high
vaiue of torgue prior o anstallation of the wire, re-
leasing the ratchet appited tension to the “s.re.

Modu.ation ot the veutuge appl.ou W the gage was
blathed Ly tao g.ethods.,

The 7 svm o, fur guges with a range greater
r. 'S J CONUNUOLS~Llation WIe-wound po-
Latiometer connecicd to the pulley shaft. The housing

ol this potentiometer, 1ather than being permanently
fixed w the gage casing, could be rotated by a knub
with a caltbrated scale. By rotuting this xnob in a di-
cection opposite to the expected rotation of the
deflection-gage puliey, the puile -uiat.on could be
exactly simulated, and by means ¢f the calibrated
stdie, the magnitue of the corresponding deflecticn
determined. This proecedure was  llowed in culibrat-
ing the recording channels used w.  ‘his gage (sce
Section B.4), the potentiometer w. « n lockea 1n
piaee

The second mehod, for gages with o range of 9 to
1 tnch, used a Qinearly var.abie Jifferent.al trans-
former as a variabie-impedance element. The hoilow,
cytindrical ai mature of th:s traasformer was threaded
over the gage wire and clamped in place, the solenoid
wnding of the transformer, inside which the armature
moved axially, was held by 2 rigid frame. Ttus the

TABLE B.1 GAGE RANGES AND POSITIONS

dtructure Gage Type No. of Gages Ranges
Jla AcCuicrimeter 2 2/5¢g, 10g
Earth Pressure 1 25 pst
Deflection 3 0-1 ta.
Sel{-recording Preseure 2 50 pal, 28 pei
3.1b Accelerometer 2 S0g, 25¢g
Earth Pressure 8 100 psi
Deflection 3 1-6 In.
Self-recording Deflection 4 1-6 ia,
Self-recording Pressure 2 100 pat, 25 pel
31le Accelerometer 2 100 g, 50 g
Earth Pressure 7 200 psi
Deflection 3 1-41n.
Self-recording Deflection 4 1-41n
Self-recording Pressure 2 200 psi, 100 pei

B.2.3 Elecironic Dueflection Gages. The deflection
Zages were mounted 0 ioe inside durface of the struc-
tures. geferenced 1o a point on the floor by means of
nardened steel wires, the gages measured the reative
f13placementd between the points of attachmer.

Th wire was wrapped around a pulley mounted un
1 shaft supported by journals ia each end of the vage
case (see Figure B.5). .\ heavy cail spring inside the
case applied torsion tw the pulley shaft ac that the wire
was held in tenaion and would wind on or off the pulley
ag the surfaces movad. A ratchet on the pulley shaft
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318e sensed directly the Linear motion of the displace-
m-nt, 1nd the pulley arrangement served only W pro-
Juce tenston in the wire.

The ccil was not permanently fixed o 1ts support,
but to simulate a 1notiun of the armature the cot! could
be maoved with reapect to the stationary armature by a
calibrated vermer provided {or that purpose. This de-
vice ~as used Wn calibration (see Section B.4.3), after
calthration, tue coil was locked into position.

The tenston in Lthe steel wire was about 60 pounds,
and the gage was able to follow a deflection rate of 25
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ft/sec. The Jugus were mounted on embedded plates
anchored W the side sultaces of tae structure.

8.2 § Scif-Recording Deflection Gayes. These

Sadnd udtd a SLng = adard paae} gind AlCe wESom

PR PR I IS T QEUF PO S g 1 'O § e 1T e loon
Sagus +Fidure B.3).  Ihe prlentiones o oaa e ciec-
tronic Jages was, howerver, *o  Lurd Ly 4 machined

sures dre transmitted to *he 1nside of the element,
ale the vulstde 18 held ot the constant pressure
sezled inside the gage casing. 7This causes the ele-
ment o bulge and move the stylus out from the «lement
ount 4 dstancy Jefrends at on the pressure.

dtheut the Loneentric worrugations, elements of
this lype display severe noninearity of deflection ver-
sus pressure. In a corrugated element, however, each

swoatue b converted th £y 1autoon of L getlec-
acfew why l“’ eriee e . f) et p \ of the sections bounded by one of the corrugationa 18
~ove uley W0 .al! Laear motion of 2 stylus. )
. baley & ded nnear motion o ty senstive Lo vssentiaity une small range of pressures
Phe . © f o 3 recurd of ts eXCUISI0NS of un

aluminized 7, o8 wisx which was r.tated 0y a precisely
gover~  bhallery-upetated motor (Frgure B.g), pro-
Jucing a record of dutlection versus time. The max)-

o

&,
RN
o

Figure B.1 Wiancko accelernmeter

mum amplitude was proportional to the screw pitch
andanversely proportional o pulley dtameter.

Response characteristics and mounting of these
gageys were wdentical o those for the electrunic de-
flection gages.  Imtiation of the disk-motor operation
was by means of Edgerton, Germeshausen and Grier
(EGXG) timinyg s1gnals recoaved 3 seconds before Jet-
,aatlen ume.

B.2.5 Setf-Recordinag Preswure Gages. The prin-
cipal element ot this e 1s a pi -~~wr:74puulu which
expands a8 pressure o3 appaed to ity anterior. A recs
srd < [ tne exXpansions 13 «cratched »n an auminized
-drsk a8 1.3 rotated by a0 aceur tteiv governed motor.

This capsule s, hasically, 1 Chamber furmed by
welding together ot therr «dges tao haphragms, each
3f anich 1y smpreeged 41th 1 serivy of concentric cor-
TIRALGNY,  Pressure 18 i1 insmitted to the inside ot
the element through an inlet port «hich passes through
1 heavy brass mounting ange.  In cperation, the ele-
ment 13 mounted on the inside of the gage hatfle plate
with the inlet port of the element Hining up with the
pressure hole in the baf(le plate. Thus the blast pres-

and responds hpearly over that range. Over the total
range of the element  wh.ch 18 the sum of the ranges
of atl the sections, the response 15 therefore prac-
tically linear. The actual value of linearity 18 1 0.5

/\ (—v Shaged Spring
\
///\\ \L /—Neant
/'

Armoture—\
£

s

%
/ fa
-

\

\

Figure B.2 Schematic drawing of accelerometer
senying mechanism.

percent.

8.3 MLTHODS OF RECORDING DATA

B.4.1 Electronic Recorders. Each electronic unit
recorded twenly channels of information on 2 magnetic
wpe 35 mm wide. For cach channel, 2 phase-
modusted information signal and a reference «ignal
were supplied.  Phase modulation was obtamned by
combining the 3,750-cps amplitude-modulated output
signal from the gage wi.th another signal of 3,750 cps
hut 30 degrees Jifferent in phase. The reference sig-
aal (7,900 cps) waz m:xed with the information signal,
the two were simultaneously amplified and then re -
corded on the same magnetic track. Thus, the refer-
ence 81gnal was subjected o exactly the vartation in
amplifications or tape characteristics expertenced by
the snformation signal, and their relative phase was
mdintatned unchanged,

Also, a sharp, amplitude-modulated detonatlon-
ttme marker was recorded on one magnetic track set
aside for this purpose.

The playback separated the reference ard the In-
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formaticn signals, and appited them to 2 phase dis-
criminator which prist. cd an vutput voltage propor-
tivnal in magnitude to the tangent of the measured
vaiiddle. Uperilion .8 normdn) (b the Jaedr portien
S0 the curve Ut g versus the luugent (wbefe y 1s the
medsured variabie), 80 thal vutput 13 Lroportivaal to
the meadured variablie. Aldo, Uming pulses were de-
rived trom e 7,000 cps reterence signil. The s.gnal,
the Liming pulses, and the detonativn-time marker
were then recorded un a photugraphic paper recorder
to produce a fina! record.

8.3.2 Self-Recording Mechanisms. The self-
recording dispiacement-gage mechanism {s ahown in
F.qure 8.6. A metal block supports the governed
motor walch drives the turntable through a bevel gear.
A machined screw, mountea (p ball bearings, moves
the stylus carrier Laeariy along a radius from the
Cehter of the turntable. Spring isadtng of the sty.us
carries miuimizes backlash as it moves along the
Jarrier guide pins.

in these gages, a precisely Juverned battery-
Sperated motor which rotated an aluminized glass
disk was placed 1n operation by visible or thermal
radtations from the detonation. A stylus attached to
a compact metal bellows element traced on the ro-
taitng disk 4 record of the diiations of the beliows as
thry were subject o the pressures of the blast wave,
giving a time-dependent recurd of the blast preasure.

The ermal ritiator consinted of a heavy spring-
ioaded plunger he.d cocked by a thermal-line: two
hrags strips soldered together with low-meting-point
solder and paiated dblack. The sbsorption of thermal
radfation causea the finks to part and the plunger to
close 2 motor starting switch. This method was used
in conjunction with the visible-radiation initiator.

The visible radiation {mtiator used a cadmium sul-
fide photocell, 2 transiator amplifier, and 3 high-
Lpeed ejectrically latching relay. The voltage pro-
duced (n the photocell by a transient iight pulse was
amplified and closed the relay. For these gages lo-
cated inside the struciures, the photocell was placed
outstde ind cornected to the gage by 2 shieided cable,

Two motor speeds were used: for Structure 3.1.c,
iC-rpm motors werw instatled .n the gages, for the
other structures, 3-rpm motors were employed. Be-
cause of inertia and the time nceded for establishment
ol proper phase relationships 1a the motor speed gov-
ernor, the motors o not reach a atable speed imme-
tatety. The J-rpm motors reach weir rated speed
1n )9 meec, but saciliate about that value for 3n addi-
*:onal 300 msec, the i0-rpm motors rezch their speed
gridually and withcut tnstability tn 400 msec.

8.4 CALIBRATION

B 4.1 Acceleration. The accelerometers were
given static calibrations va a spin-table accelerator
before their installation (see Fizure B.3). The apin
table was a disk which was £,tated at a speed deter-
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mined accurately by an electronie tachometer. The
accelerometer was mounted .n the disk witk its sensi-
tive directivn ~araliel w the radius of the dtsk. Con-
necliuns L the recorder cable were maae throwgh shp
rings on the soln-table scafl.  An accurate xnowleage
ol the dustance of the acielerometer sensing element
from the center of the disx and the rotational velocity
of the disk were used to tind the radial acceleration
produced in the sensing element. The disk velocily
was varied to produce aceelerations 20, 40, 60, 80,
100 and 150 percent of the expected maximum. Spin
:able accelerauon values could be computed with an
accuracy of 2 percent.

B.4.2 Earth Pressure Gages These jages were
gencrawly caiurated on pairs or graups of fuur befure
being placed in their mounts (see Figure B.9). Two
gages were placed with their rensitive faces separsted
Ly 4 iayer of botirg paper. An auminum ring,
slotted to allow exit of the gage cable, was piaced
against each base plate o protect the protruding sec-
tion of the gage containing the seasing element (see
Section B.2.2). This sandwich was then placed, with
a Bal¢win SR-4 load ceil, between the jaws of a port-
able hydraulic press. Tbe force 2pplied through the
aluminum rings to 'he base plate was measured by the
wad cell w0 an accuracy of better than one percent.
The blotling paper allowed an even distiibution of luad
over the sensitive faces ol the gige sandwich. Where
convetnens, a jair of such sandwiches couid be im-
pressed simultaneously.  After cal:bration, the gages
were inatalied and the cub.¢s buried.

B.4.3 Electr. nic Displacemmnt Guge. Calibration
of these gages was dunc alter thaie installation. The
calibration of the large-displacement model was per-
formed by rotating the houaing of the scnsing ciement
potentiometer (see Section B.2.3). Cahibration for a
displacement 1n 2 given cense was obtained by rotating
the potentiometer housing 1n a direction opposite to the
correspoading rotation of the gage puliey. A full-scale
rotation from the center position of the calibrated knob
attached w the housing corresponded to one half turn
in the opponite direction by the gage puiley. The full
range of the caubratsq scale was . vided into appro-
priate segments to allow cahbrations of 20, 40, 60,
80, 100, 120 140 and 160 percent of the expected
maximum dlsplacements. Where displacements were
specified greater than one haif the pulley circumier-
ence, the potentiomeler rotated tast the vatreme point
m s scale 1nd hegan 2 second cycte. The stepa un
the ~alibration recoard {or this situation ascended as
the Jdisplacement became larger (1n the pusitive direc-
tion) until the extreme point was reached and then
dropped sharply to a pomitton corresponding to the
TAXHBUM Regative Jiapidcement,  From tus point
they continued to rise until the maximum displacement
was reached. The alope of the shot reconrd trace could
be used to differentiate between negative displace-
ments and those vhich had exceeaed the {irst positive
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extreme point. Negative displacements were handled
similarty.

The smadl- Jellectiun gager were canbrated Dy uwaing
4 4l micrometer a3 A stasidard o measure the motion
ol the coil relative 16 118 suppurt.  After (woseaing the
clamp which held the lnearly variasle ditferennal
transformer coll 1n place, a slotted block which hela
e mecrometer was shipped over the cail-support bar
(see Figare B.7) and locked tn position. The coil was
mov~d 1n a direction opposite to the actual deflection
w prduce calibration steps.  Values, botn positive
and negative, of 20, 30, 60, 80, 100. 120 and 140 per-
cent of the eqpected maximum were used.

B.4.4 Self-Recorcing Displacement Gages. These
sages vere calibrated before aasemoiy vy anstalling
3 318K, turning ihe recording mechanism saaft through
one revolution, and measuring the height of the step
produced on the wgk. ‘Auth the circumference of the
pulley known, the Jisplacement corresponding to thus
step heqght was readily deduced. The gage was ilnear,
80 that tae slope of the curve of stylus mction versus
displacement obtained in this manner could be extended
over the full ran:ce of tne gage.

B.4.5 3elf-Recording Presasure Gages. Caltbration
of the pressure capsuicd was pcrmrmeﬁy the manu-
facturer. The calibrations were plotted using a Leeds
Northrup X-Y recorder. The output uf 2 Statham
strain-yage~type pressure traasducer was {ed through
amplifiers to the pen (X-axis) of the recorder. C n-
suje deflection was measured by 3 micrometer head
equipped with a null detector and servo system operat-
ing 2 slide-wire potentiometer which, in turn, con-
trolied the chart drive (Y-axis). The resulting pre-
gentation gave a plot of capsule deflection as g function
of applied pressure.

The disk drive motors were individually tested for
start-up time and speed, these characteristics were
recorded for each motor.

B.5 RESULTS

B.5.1 Performance. The operation of thw gages
md-rf:cordxnx cqulp-r;:m {3 summartzed tn Table B.2.
From a recording standpaint, 21 of the 48 records are
corsidered excelient. The majurity of the remaining
cecords are beset with siaall re <o shifts which maxs
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their interpretation shightly more difficult. Three
races appear with no vistbre record, and aithough the
Jecording wquipment gives «very indication of kaving
operated properly, 1t 13 diffscult to concetve of negli-
gible pressure existing at the corresponding gage po-
sittons. Calibration steps applied 1mmediately before
and after the test interval show proper operation of
recording equipment, and the severe zero shift nor-
mally associated with faulty cables 18 missing. One
record was lost completery apparently because of
cable failure at detonation time.

B.5.2 Data Processing and Interpretation. The
raw data was transcrioed from tae osclijogreph traces
into digital form on punched cards to facilitate process-
ing. The puncned cards were run through an electronic
digital computer 2specialiy prograrnmed o linearize
e 1ecords, The linearized records of earth pressure,
deflection, acceleration, and air overpresgsure wece
then repiotted in {inal form for Structures 3.1.a, b,
and ¢ and are shown tn Figures B.11, B.12, and 5.13,
respectively.

The interpretation of records having zero shifts at
blast-arrival t{me leads to some difficuities, in that
the exact course of the zero shift (s aften obscure.
Experiments have shown, however, that when such
shifts occur the calibration curve 18 generasiy not
changed except that the zero valua of the physical
quantty being measured 18 &', {ted to 2 new position
along the curve. To correctly inte-pret records of
this type, it 18 necessary to determine {rom the cali-
bration curve the size of the physical quantity repre-
senteG by the zero shift and algebraically subtract this
value from every physical quentity vaiue on the cali-
bratten curve, and then to measure deflections 0o the
shot recard uaing the original system zero determined
{rom the caltbration record and relate these to phyaical
quantity values using the revised calibration curve.

The eatimates of calibration accuracy given in the
»ections on cautbration cannot be «pplied afrectly to
the test results becsuse gages and equipment subjected
to the severtty of a nuclear detonation may not function
Just as they do under the tranquil conditions of a static
calibration. For example, pressure gages may be af-
fected by accelerations, and without elaborate instru-
mentation, the magiutude and effecta cf the acceierstion
cannot be xnown. Consequently, such instrumentation
measurements made during nuciesr insta are generaliy
considered accurate o no hetter than 10 or 15 percent.
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TABLE B.2

SUMMARY OF INSTRUMENTATION RESULTS

Structure Gage Ccmment
Jla \E Good record
A Good record
D15 Good record, Jarge zero shift
D16 Geod record, small zero smft
D17 Goud record, smali neg. zero shift
215 Guod record
P5 Peak pressure only
25 Gued record
3.1b A3 Goo record, zzro shuft
Ad Gouoat record
038 Good record
D19 Gouwl record
Dl4 Coucd record except tor regular pulse
pluced on record by system
El4 Good record; negative shift
E12 Sood record
E13 Good record
E3 Good record; small zero shaft
E9 Good record
Ei0 Good record
Ell Good record
EiG.1 Usable record
D9 Questionable cecord
Dl1 Question ble record
D13 Questionable record
D12 Questionable record
P3 Good record
P4 Good record
31lc Al Good record
A2 Good record
D1 Gnod record
D3 Good record
D7 Noisy record, appacently good
E7 No apparent record
£S5 Good record, small zero shift
£8 Bad shift, no record
El No apparent recora, small neg.
zero shift
E2 No apparent recerd, no zero alft
JoN] Reuord saturated, pos  zero shitt
E4 Gouod record
2 Questionable record
D4 Questionabie record
05 Cuestionable record
D6 Questionabie record
Pl Guod record
P2 Gowd record
06
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Appendix &
INSTRUMENTATION of STRUCTURE 3.[n

C.1 QUANTITY AND LCCATION

The electronic instrumentation of Structure 3.1.n
included 38 channels of transient information from
the following gages and transducers: 16 electrical
resistance strain gages, 11 soil-pressure gages, 8
deflection gages, 2 air-pressure gages, and 1 accel-
erometer. The output of 12 of the above electrical
resistance strain gages was also cecorded at larger
atrenuations to provide a backup in case the strains
were so large 2s to exceed the range of the primzary
recording. Each f the eight electronic deflection
gages was backed up by a self-recording deflection-
versus-time gage. An additional eight self-recording
deflection-versus-time gages were used to provide a
more complete record of arch deflections than could
be accomplished with the limited number of electronic
channels availaole.

For the purpose of taking static readings, an addi-
tional 9 electrical resistance strain gages were in-
stalled, and 39 mechanical strain gage stations were
established.

The location of all the instrumentation except the
mechantcal strain gage stations is shown in Figure
2.12. Note that each gage station “D”’ represents two
gages. The location of the mechanical strain gage
(Whittemore) stations is shown in Figure 3.11.

C.2 GAGES

L.2.1 Electrical Resistance Strain Gages. Stan-
dard SR-4 electrical resistance strain gages were
used to measure the strain in the concrete and in the
reinforcing ateel. These gages were manufactured
and calibrated by the Baldwin-Lima-Hamilton Corpo-
ration, Philadelphia, Pennsylvania. A 6-inch-long
Type A-9 gage was selected for use on the surface of
the coacrete, since it would average out stress con-
centrations due to the nonhoinogenetty of the concrete.
Type AB~3 and A-12 gages were selected for use oa
the reinforcing bars.

Approximately one month after the concrete had
been cast, the surface was prepared for application
of the gages. The gage area was ground smocth and
a thin layer of Epon resin cement was applied (o the
concrete surface and properly cured. The gages were
then bonded to this surface with the same cement.

in order tn mamt the straln gages on the rein-
forcing bars, it was necessary to remove the bar
+eformations in the gzge area. After clesning lbw
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surface, the gaged were boaded to the bars with Epon
resin cement. All gages were completely water-
proofed. Figures C.1 and C.2 show the installation
of SR-4 strain geges on the extrados.

In order to protect the strain gages at zero time
from the {nduction signal, a spark plug was placed
between the shield in each cable and the local ground.
The gap in the spark plug was set at 0.003 inch and
would break down at approximately 800 volts de. In
this manner, a bigh voltage from the induction signal
would be discharged through the spark gap to ground
rather than flash over through the base of the gage,
with accompanying destruction of the gage.

The callbration of each strain-gage channel was
determined immediately prior to and immediately after
the shot by connecting a resistor of selected magnitude
in parallel with one arm of each strain-gage bridge.
The electrical unbalence of the bridge was recorded
on the oscillograph.

C.2.2 Soil-Pressure Gages. These gages were
purchased {rom the Wiancko Engineering Company,
Pasadena, Calfioraia. They utilize the Carlscn platier
in conjunction with the Wiancko variable reluctance
transducer ard were designated as a Type P2303 pres-
sure pickup. The completed gage had a 7 ¥,-inch
diameter and weighed 114 pounds. The gages were
calibrated in the laboratory by applying static loads
in a universal testing machine. The actual cables used
in the field operation were used in the static calibra-
tion. The calibration of the gages was linear within
2 perceat over the range of 0 to 100 psi and could with-
stand a 100-perceat overload.

The soil-pressure gages were i(nstalied to measure
the vertical and horizontal components of earth pres-
sure. At the crown and springing lines of the arch,
the gages were mounted on waster-shaped steel plates
that were embedded ir the concirete. At the 30- and
60-degree sactions of the arch, the gages were mounted
in precast Hydroatons blocks which were boitsd to the
srch. Tbe top surface of each gage was mounted flush
with the surface of the concrete or the Hydrostone
block. EKach gage was grouted in place with Hydrostone
to assure {ntimate contact between gage and structure.
Figures C.1 and C.2 illustrats the earth-pressurs gages
in place.

During the backfilling of Structure 3.1.n, the soi}
contiguous to each carth: pressure gage was carsfully
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Figure C.i Completed structure with ear*i-pressure gages
and strain gages in place.
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Figure C.2 Installation of an SR-4 strain gage and an
earth-pressure gage at the springing line.
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hand-tamped. For the vertically mounted gages, the
soil was hand-tamped in 1~ to 2-inch layers for a dis-
tance of approximately 4 inches from the face of the
gage. For the horizontally mounted gages, the soil
was hand-tamoed to a depth of approximately 6 tnches
over the gages. The pneumatic tampers used 1n com-
pacting the backfill material were carefully controlled
{n the immediate vicinity of the soil-pressure gages.

C.2.3 Deflection-versus-Time Gages. Two differ-
vt syPes ol defl clion-vemaus Limo g2ues Yere used:
vae electrical a1 d one mechanical. The electrical
gages were fur.vhed by Balhistic Research Labora-

tortes (8RL) izt modified by the U.S. Naval Civil
Engineering Lahoratory (NCEL). They consisted

of a spring-loaded shaft onto which a potenttometer
and a pulley were secured. A wire was attached to
the pulley and connected to the poirt on the structure
where the deflection was desired. The gages were
secured o the floor slab near the springing line of
the arch.

One of the BRL gayes was checked by comparing
its output to that of other tvpes of gages connected dj-
rectly to a small beam which was subjected to dynamic
loads. The BRL gage was connected to the beam with
an %-ioot length of 0.024-inch-diameter music wige.
These tasts showed that the BRL gage had a delayed
inttial start of about 5 msec and a greater mmitial maxi-
mum deflection of about 0.2 inch, for beam accelera-
tions of about 100 g and beam deflections of about %
{nch. This error was probably due to the 1nertia of
the BRL gage, which introduced an increase tn force
of about 27 pounds 1n the wire, thus crusing an elastic
elongation of the wire. In order to reduc: this error
in case of high accelerations, NCEL reduced the mass
of the pulley and incredsed the size of the music wire
to 0.033 inch. Also, in case of high accelerations, it
was planned to perform postshot calibrations at the
actual acceleratiuns encountered.

The seli-recording mechanical scratch gages were
designed and fabricated by NCEL. They consisted of
an 8-inch-jong drum rotated by a constunt-speed 27-
velt-de motor, and a scribe which was connected with
0.033-inch-diameter music wire to the point of desired
deflection. Wkore the gage was used to back up a2 BRL
gage, the acribe was secured to the same wire. Where
the gage waa used independently, a pulley and spring
system similar to the BRL gage was used to spring
ioad the wire. Figure C.3 shows a typical insinilation
of the electrontc and the mechanical deflection rfages.

The motors for the self-recording giges operated
at 60 : | rpm, and the recording d.ums had 4 circum-
ference of 10 inches. This made a very convenient
time scale of 1 inch equal to 1ov milliseconds.

C.2.4 Air-Pressure Gages. Wiancko Type P1412
transient alr-pressurce gages were used to measure
the blast overpressures. These gages had 2 range of
0 to 100 psi and were installed in baffles furnished by
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the Stanford Rescarch lustitute. The gages were cali-
brated in the laboratory by applying static pressure
loads by means of a pressure-calibrating unit.  The
actual cables used 1n the ficld operation were used in
the stattc calibratien. The response of the gages was
linear within 2 pereent over the full range of the gage.

C.2.5 Accelerometes. The accelerometer used
(Model F-100-350) was manufactured by Statham Lab-
oratories, Incorperated, and had a range of 0 to 100 g.
It was calibrated on accelerometer calibration equip-
ment at the U.S, Naval Air Miasile Tost Center
(NAMTC), Point Mugu, Califormia. Full-range cali-
bration was performed at frequencies of 25, 50, 75,
and 107 cps. The acceleromcter was securely fas-
tened to the inside crown at the center of the arch.

C.2.6 Mechanical Strain Gages. A 10-inch Whitte-
more stramn gage was used for taking static strain
readings at various ctations located on the arch in-
tradus. This instrument can be read to the nearest
+ 10 sin/in. To use this wstrument, small conical
holes must be placed in the surface of the structure
precisely 10 inches apayt. For this purpose, l/rmcx
decp holes were drilled into the concrete ant Yi-inch-
diameter brass plugs were securely anchored in these
holes with Hydrostone. The small conical nuics were
drilled into these plugs.

C.3 METHODS OF RECORDING AND
PROCESSING DATA

The 48 channels of transient electronic instrumenta-
tion were recorded photographically on two Type 5-114-
P3 osctllographs and one Type 5-114-P4 manufactured
by Consolidated Electredynamic Corporation (CEC).
Type 809 photographic paper manufactured by Eastman

Kodak Company was used as the recording medium 1n
the oscillographs.

The carrier voltage for eack channel was supplied
by three CEC Type 2-105A osciliator-power aupplies
and two CEC Type 1-118 carrier amplifiers. The
transient signals were amphified by CEC Type 1-113B
amplifiers and the two Type 1-118 carrier amphifier
units. In order to prevent cross-modulation of the
various oscillators, it was necesaary to disable e
oacillator sections in two of the Type 2-108A power
sumplies and 1o drive the three power supplies from a
sirgle osctllator. [t was also neceasary to feed back
a portion of the carrier voltage {rom the master power
supply 1nto the two Type 1-118 carnier amphfiers tn
order to lock in the oscillators of these units to the
same {requency as that of the master power supply.
The power supplies, carcier amplifiers, and the Type
5-114-P4 oxciliograph o, erated on 115 volts ac at 60
cps provided by four coaverters manufactured by
Carter Motor Company of Chicago. lllinms. The Type
5-114-P3 oscillographs and converters received power
from six nickel-cadmium batteries having a total rat-
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g of 360 ampere-hours a1 21 solts. graphs. All equipment 1 .le the instrument shelter

The BRL deflection gage bidges were operated at was securcly anchored to work Lenches by meuns of
approximately 6.t Jolts de trom the nichel-cadmum shock-mount connections.
batterte. . The actual voltage at shut time was o be Since the ecmpment could aot be manuaiiy operated

widicated By the dispetc cimient ol o Stlvagiometet inoone  durmg the shol, it was 2ccessary to rely on stundard

ot the uactlloge pbse The dotioc o Zage chamnels tnang S0 s proniaad By Edgerton, Germeshausen

sere balanccd by mo s ol o Comtuiy Muodel Inaw and Gricr £GaG). A Ju-mnute signal actevated a

brigge control wnt aanutactured by Contun Bicetton=  sulenord winch toteased o hieavy-duty hmte switeh,

ws and Isttuments, o, 1 Puisa. Okidhoma. theteby provpding jower ta the sower supplies and os-
An clectto-mechanioad tine -controb wt contatnad il graphs m ordes that the equipment would be

(1) raaays tor unshortigg e 2 dvanemelors connected Wat .o up by shot tire. Chis signad was backed up

o the de bradue shartly dtes co L Leme () Stoppang by « minus- -minute silnal

switches to: caitbt st of tad Straan 2 channods, At mnings 15 seannds, o sgnal mitiated o tme-

and (3) e -delat smotor s tor stozsang e inogdaZim ded o moter ol approsunately ¥ seconds, at which

drives of the usctliographs pieaseol Lo 02 post titne the magazine deives ot the osetllographs were

Fuure C 3 Typical installation of the clectrone and
thee mechanical detlection guges

shot cahibration, and turning Al cquipnent otts Al started.  Automatic steppng switches were also
relay s 1o the time-control unit were ot the mechaniceal started which provided an clectrical signal for cali-
latch type. bhration put puses to all stran gage channels tn se-
The recoring instrumants woed located in an under-  gaence. The last step of the stepping switch supphied
Zround instrument shelicr appradimateds o0 feet trom a s1gnal which was recorded on an extra chaanel on

Structure 3.1, The insttument shaites had ranturced-  ail ssaliographs.  This atforded a4 means uf coordinat-
woncrete walls ind roof 27 inches ik, with the top of ing the records trom the three uscillographs. A mtnus-

the shelter at ground level.  An earth mound nproxi- 5-second signal was used to back up the minus-15-
mately 5 feet thick wus placed over the sheiter. second signal.

1t was expected that the manimum total radiation A miaus-2Y-second stgnal was used to start the
inside the savlter would be less than 2 roentiens. rotiating dtum deflioctivn gages. This signal also
This amount of radiation would not produce sigmificant started two time -delay motors, one to imtiate the
fegging ot the Eastman Kodak Type 409 paper which postshot calibratiun of all strain-gage channels and

was used a8 the recorhing medium in the three oscilly=  une to shut off the ddectrical power to all equipment.
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1o the event of failure of both the minus-15-second
and minus-5-second signals, the minus-2%-second
signal would also start the record drives of the three
oscillographs, aithuugh there would not be suffictent
tims for the preshot cahibration of the strain-gage
channels.

At zero time, thyratron tubes were used to backup
the m!nus-2%-gecond signal and to supply a zero-
time signal which was recorded on all of the oscillo-
graphs. Theae tubes, No. 5823, are sensitive to high
light intensity, but will not be trigg.red by the hight
from tte sun. Since the galvanometers connected to
the dc bridges were shorted at zero time to protect
them {rom the electro-magnetic propagation, these
thyratron tubes were aiso used to unshort the galva-
pometers prior to arrival of the shock {roat.

At approximately 12 seconds after zero time, the
stepping switches provided postshot calibration signals
to the galvanometers connected to the strain gages.
The power to all instrumentation equipment was shut
off at approximately 17 secords after zero time.

With the transducers and recording system used,
ull records which had a trace excursion of two inches
or less were linear. This simplified the data reduc-
ton. However, because of the large volume of data,
the oscillogram data reduction equipment of NAMTC
was used. This equipment followed each trace, re-
corded the elapsed time, messured and recorded the
trace excursion3, applied the calibration cousiants,
and produced a compilation of the information obtained.
This data could now be plotted to a convenient scale.

The deflections of each instrumented point in Struc-
ture 3.1.0 were measured with respect to both spring-
ing lines, thus giving two vectors which were resolved
into horizontal and vertical components.

C.4 RESULTS

Because of the high intensity of the radioactive
field in ihe vicinity of the instrumentation shelter, the
oscillographic records were not recovered until a few
days after the shot. A film badge which had been
placed near the recorders {ndicated that the records
had received a total dose of approximately 6 roentgens.
This exposure produced records with a background only
alightly darker than normal, and having an Insignificant
effect on the readability of the traces.

The three oscillcgraphs and assoclated equipment
operated very satisfactorily, electronically, during
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the shot; however, a slippage of the paper in one of
the oscillographs resulted 1n a loss of those records.
Several of these chennels were backup, though, and
the data recorded on other oscillegrarns. The in-
formation from only seven of the trapsducers was
completely lost due to the siippage. A summary of
the instrumentation results for Structure 3.1.n 18
given in Table C.1.

The SR-4 electrical resistance strain gages gave
acceptable records. However, there was some draift
due to a relatively low gage resistance to ground.
This was probably caused by an electrical breakdown
of the Epon resin used as a waterprool membrane be-
tween the gage and the concrete. In order to maintain
a high gage resistance to ground, 1t is recommended
that in future operations, metallic shimn stock be used
as the impervious membrane betvecn the gage and the
concrete surface. These records are given 1n Table
C.2 and Figure C. 4.

The earth pressure gages gave what appear to be
good records, but the method of mounting the gages
at the 30- and €0-degree positions produced question-
able results, probably due to local earth arching.
These records are given 1n Figure C.5.

The KCEL self-recoruing deflection-versus-time
gages functioned exceptiotally well. The scratches
were go well defined that deflections could be read to
the nearest 0.01 :nch, and ime could be read to the
nearest millisecord. Acceleration records of other
agencies indicatcd that these gages were not subjecled
to accelerations of a high eiough magntude W neces-
sitate a postshot caisbration (see Section C.2.3). One
disadvantage of the NCL! self-record'ng deflection-
versus-time gages was that there was no way by which
zero time could be established and therefore oo means
by which their records could Le coordinated time-wise.
For future operations it is pl~aned to modifv these
gages to provide a zero-time mark for this purpose.
The records from these gages are reproduced in Fig-
ure C.6.

Records obtataed from the electrical deflection-
versus-time gages proved unsatisfactory. All of
these records exhibited large zero shifts, and some
had very high noise-to-signal ratios. These condi-
tions did not exist during the preshot timing runs.

The dilferences between the preshot and postshot
1 train readings recorded by the mecaanical (Whitte-
more) strain gages are shown in Figure 3.11.

CONFIDENTIAL




TABLE C.1 SUMMARY OF INSTRUMENTATION RESULTS FOR STRUCTURE 3.1

Gage locations zre given {n Figure 2.10. Mechanical strain gageas were used for static
readings only. Results are given in Figure 3.5.

Gage Comment Figure Gage Comment Figure
381 Good Record C.4 E16 Good Record C.S
32 Good Record C.4 E17 Record Appears Good c.5
33 Good Record C.4 E18 Beyond Range C.5
e Static Readings Only . Ei® No Record —_—
35 Good Record C.4 E20  No Record —_
S8 Good Record C.4 E21 Good Rocord C.5
87 Static Readings Only . E22  Questiooable Record C.S
S8 Backup Record Caly C.4 E23 Record Appears Good [of-1
s9 Good Record C.4 E24 Beyoad Raage C.S$
310  Good Record C.4 E25  Racord Appears Good c.5
S11 Good Record C.4 E28 No Record _—
S12  Jeatic Readings Only .

813 Seatic Readings Only . D18  No Record —_

314 atic Readings Ordy . D19  Good Record (o ]
815  Static Reztings Ccly . D20  Good Record cs
s16 Static Readirgs Only . D23  No Record —
317 Satic Readings Only . D22  Good Record Cc.6
318  Static Recaings Ounly . D23  No Record —_

319 Good Record C4 D24 Good Record c.6
820  Good Record (o} D25 Good Record [oX §
sz No Record —_— D28 Good Record c.¢
822  Good Record (o} D27  Usnusable Record —
823  Good Record [oR) D28  No Aopereat Record —_—
324 No Record _ D29  Good Record (o ]
825 (.ood Record C4

P7 No Record —_—
A7 No Record -— Ps Ko Recordable Change —_

* See Table C.2 for results.

TABLE C.2 PERMANENT STRAINS, STRUCTURE 3.1.a

Refer to Pigure 2.12 [or gage location.
These values are the difference betweoa readings taxsa two days before the shot
and six days after the shot.

Gage Number Permanent Rrain Gage Humber Permansat Rraiia
10~* to/1n 1078 ta/tr
s1 . 13 hd
2 20 (C) S14 10 (C)
33 100 (C) S18 M
$4 N s1¢ L4
38 40 (T) 17 20 (T
L ] 20 (T) s1is 120 (C)
s7 . 319 LN
S8 1) 320 -] ‘
39 120 (T 321 140 (C)
S10 . 522 L Ney)
s11 80 23 I M
s12 820 (T) 24 40T
828 60 (C)
¢ No record. (C) = Compression. (T) = Teaston.
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Appendix 0 '
FADIATION INSTRUMENTATION

D.1 BACKGROUND AND THEORY

Tests prior to Operation Teapot have shown that
helow-grade shelters give 75 percent better gamma
satelding than those shelters that are partially above
scade (Reference 20). Teapot data illustrated that
completely below-grade shelters with 4 feet of verti-
cal earth cover gave an tnside-to-outside gamma-dose
ratio (to be defined herein as 2 gamma transmission
factor) as low 43 1.2 x 107 and a neutron transmission
factor of 1.4 x 10™* for the hugh-energy neutron ‘Tux
which would be detected by sulfur threshold detectors
(Reference 21). Detector stations nearer to the en-
tranceways of the structures indicated much greater
transmission factors and therefore received higher
radiation dosages.

The sbhelters to be instrumented for radiation meas-
urements during Operatton Plumbbob were all under-
ground. For this reason, the Teapot resuits in
below-grade structures UK 3.8A, UK 3.88, UK 3.8C,
and UK 3.7 were particularly useful in predicting ex-
pected shielding by the shelters during Plumbbob
(Reference 21). These results were augmented by
empirical relations for neutron and gamma radiztion
passing through hollow cylinders a« given in the “Re-
actor Shielding Design Manual” for evaluating the ef-
fect of various openings and baffles (Reference 22).

As a result of these analyses the only part of the
Plumbbob 3.1 structures expected to have an adverse
effect on shielding property was the entranceway. In
regard to relative radiation dosages within such shel-
ters, a consideration of the slant thickness (the line
of sight cover) would indicate that the greater dose is
to be uxpected in the portion of the shelter farthest
from ground zero.

D.2 DESCRIPTION OF INSTRUMENTATION

D.2.1 Gamma Film Packets. Gamma dose was
measured with the Nationa] Bureau of Standards -~
Evans Signal Laboratory (NBS-ESL) film packets
(References 23, 24, and 25). In the exposure range
from 1 to 50,000 r and in the energy range from 115
kev to 10 Mev the accuracy of the dosimeter ts con-
sidered to be within + 20 percent. The net photographic
response I8 expected to be approximately energy inde-
pendent. This is achieved by modifying the bare-

! prepared by Project 2.4, Radiological Diviston,
U.S. Army Chemical Warfare Laboratories, Robert
C. Tompkins, Project Officer.
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emulsion energy response, which bas peaks nesr the
K-shell photoelectric absorption edges, absorber and
bromine, by placing the entire emulsion in an 8.25-
mm-thick bakelftz case covered with 1.07 mm of tin
and 0.3 mm of lead and surrounded by a %;-inch lead
strip over the oy 2n edges. The entire arrangement
18 placed in a plastic cigarette case.

Although the angular dependence of the gamma film
packet when ft is exposed to higher energy radiation is
negligible, for lower energles it is important. An la-
terpretation of the resulis obtained by Ehrlich (Refer-
enca 24) wndicates that, for radiation isotropically in-
ciden’ on the packet, the dose value is about 5.5 percent
lower for i.2-Mev radiation than that obtained by an
instrument having no angular dependence, about 32 per-
cent low {or 0.20-Mev radiation, and about 45 percent
low for 0.71-Mev radiation. Although the film packets
may show galy 2 20-percent error in normal radlatfon
ficlds, some consideration should te given to the {act
that in a relatively 1sotropic and degraded eneryy field,
such as might exist in structures with many feet of
earth cover, tbe film packets may indicate low values.

D.2.2 Chemical Dosimeters. The chemical dosim-
eters utilized for instrumenting the structures were
supplied by the United States Alr Force School of Avia-
tion Medicine (SAM).

The 8A 24 chemical dosimeters Include two main
types of chemical systems.

The measurement of the neutron dose with the high-
bydrogen-content dosimeter was accomplished by eval-
uation of the amount of stable acid produced in a mixed
radiation {ield by one of the above techniques. Since
the water-equivalent, high-hydrogen-content dosimeter
is X- and gamma-ray energy-dcpendent and has a
known neutron response, the total acid production can
be considered as a combined function of the ncutron
and gamma radiations. Subtraction of the gamma-
produced acids as measured by the fast neutron in-
sensitive chemical dosimeter systems (Reference 26)
left a glven quantity of acid produced by the neutroas.
Division of this neutron-produced acid by the acid
yield per rep yielded a neutron dose in terms of rcps.

Gamma messurements in the presence of neutrons
were accomplished by using the hydrogen-{ree dosim-
eters. Since all chamical dosimeters are sensitive to
thermal neutrons the thermal aeutron dose was cal-
culated independently from cadmium-guld difference
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measurements. The dzta were then currected by sub-
traction of 6.7 roentgen ewulvalents oer thermal neutron
rep (Referesce 27).

D.2.3 Neutron Threshold Devices. A complete de-
scrij.tion of the neutrun system used {or instrumenting
the structures can be found in Reference 28. Thermal
and epithermal neu'.on flux was measured with gold
foils by the cadmium difference method. This tech-
nigue ytelds the flux of neutrons below the cadmium
cutoff of about 0.3 electron -olt Intermediute 2nergy
reutrons were measured with a series of three boron-
shielded fission-threshold detectors— Pub® (>2.7 kev),
NpBT (- 0.7 Mev), and U™ (>1.5 Mev). High energy
neutrons were measured with sulfur detectors havi-g
an effective threshold of 3 Mev. The cadmium cutoff
and the various energy threshoids are not clearly de-
fined points. For this reason neutron fluxes in this
report wiil be identified with detectors rather than with
energy ranges.

The accuracy of these detectors 1s approx:mately
+ 15 percent for doses greater than 25 rep. Measure-
ments are unreliable below 25 rep and cannot be made

sired. A film packet, a chemicel dosimeter, and in
wme cases 2 thermul neutron detector were installed
at each instrument station. Structure 3.1.n contained
6 such stations while the other 3 structures contained
3 sttions each. The location of each instrumentation
station 18 referenced in Tables D.2 and D.3. and in
Figures D.1. D.2. and D.3. w a right-handed cartesian
coordinate system with origin at the centroid of the
floor of the structure proper. The X direction is taken
as positive toward ground zero, Y is positive away
from the entrance, and Z 13 positive upward. In order
to calculate trassmission factors it was necessary to
obtain free-field readings. Neutron spectral data were
obtained from the line of stations established by Pro-
ject 2.3 at 100-yard intervals west from ground zero.
In addition, chemical dosimeter and film packet free-
field stations were located at ranges 287, 347, 343,
aad 453 yards.

D.4 RSSULTS AND DISCUSSIONS
Free-{ield dosages are given in Table D.1, and
gamma and neutron doses inside the shelters are

TABLE D.1 FREE-FIELD INITIAL RADIATION DOSES: PRISCILLA SHOT,

FRENCHMAN FLAT

The yleld was 36.6 kt and the burst height, 700 ft.

Gamma Dose Neutron Dose
Horizontal Slant Film Chemical Foil Chemical
Structure Range Range Badge Dosimeter Method Dosimeter
yd yd r r rep rep
3lc 287 370 3.0x10°  3.00 x 10} 2.5%10% 2.49 x 10}
3.1b 347 418 2.0 x 10% 1.89 x 10% 1.6 <10  1.62 x 10%
3laandn 453 510 1.05x 10*  1.02 x 10% 7.5 108 765x10*

below 5 rep. The detectors were calibrated and read
by Project 2.3.

D.3 INSTRUMENTATION LAYOUT

The objective of the radiation instrumentation was
to determine the effectiveness of the buried structures
for providing radiation protection. Accordingly, the
structures were instrumented to measure the gamma
and neutron dose which would be received at a nominal
height of 3 feet above the floor of the structure. Since
the activities produced in the threshold detectors are
relatively short-lived, the two structures, 3.1.a and
3.1.b, which were to be instrumented with these detec-
tors were equipped with aluminum tubes from which
the threshold devices could be withdrawn by means of
a cable systen a few minutes after shot time. The
structural details of the cable systems are given in
Appendix G, Figure G.3. Since none of the other dose
detection systems require early recovery their loca-
tions were controlled only by the data that were de-

listed in Tables D.2 and D.3, respectively. Resuits
shown as less than a given figure indicate the lower
limit for detector sensitivity in cases where the de-
tectors gave no readings. It is evident from the de-
crease in dosages with Jdistance from the entranceway
that a large amount of radiation streamed through the
entranceway.

The effect of greater slant thickness of soil on the
ground zero side of the structure is evident from a
comparison of the D, E, and F positions in Structure
3.1..

D.5 CONCLUSIONS

The underground sheliters constructed by Project
3.1 did not provide adequate protection throughout
most of their areas againat the initlal gamma and neu-
tron radiation from a 36.6-kt, moderately high-neutror-
flux device at slant ranges from 370 to 510 yards. The
gamma and neutron shielding could be improved con-
siderably by suitable design of the entranceways.
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TABLE D.2 GAMMA SHIELDING CHARACTERISTICS OF PROJECT 3.1 STRUCTURES:

FRENCHMAN FLAT

PRISCILLA SHOT,

Yield: 36.8 kt

Height of Cocrdinates Transmission Factor
Burst: 700 ft Hort-~ Angle ‘;“pw dton Dose {D1./Do)
— Earth zontal Slant  of 2 Fm  Chemical Fim  Chbemical
Type Cover Range Range Sight X Y YA Badge Dosimeter Badge Dosimetsr

Councrete arches ft ¥d yd deg ft t ft r

3la A 4 453 510 27 0o -12 3 >10 3.5x10  >9x107% s.4x107?
B 0 -9 3 42x100 7.7x108  4x10"d 7.6x107?
c -1.5 33 3 44x10' s5.0x10t 42x107¢ 49x107¢

3.1b A 4 M7 418 M o -12 3 »>10 9.3x10% >5x1073 4.9x107¢
B () -9 3 >10 35x100  >§x107% 1.9x107?
c ~15 33 3 1.25x10% 1.35x10' 63x107¢ 7.1x107¢

3l A 1 287 370 39 0 ~-12 3 >108 1.5x100  >3x107? s.0x167?
B 0 -9 3 108 43x10%  >3x107? 1.4xio?
c -15 33 3 21x10® &55x10® 7.0x10°¢ 1.6x307?

3in A 4 453 510 27 0 -~-18 3 >108 3.715x10% >9x10”? 3.7x107?
B 6 -15 s 87x10% 1.2x10®  S4x10”? 12x307?
c ° 18 3 1.65x10° <S¢ 1.6x10”¢ <sx107¢
D 6.5 0 3 3.3x100 Bax10! 31x107% 82x107¢
E 0 0 3 39x10 66x10' 3.7x207° 6.5xic7¢
4 -6.5 0 3 40x100 s8x10' 38x107¢ s.8x107¢

TABLE D.3 NEUTRON SHIELDING CHARACTERISTICS OF PROJECT 5.1 STRUCTURES: FPRISCILLA SHOT,
FRENCHMAN FLAT

Yicld: 366kt

Helght of Coordinates Traaamission Foctor

" . 700 ft Hort- Acgle of Position Dose (D1/Do)

———menee—. Earth sxontal Slant of Foil Chamical Foll Chemical

Type Cover Range Range Sight X Y Z  Method Dosimeter Method Dosimeter

Concrete arches ft yd yd deg ft ft ft rop rep

3.1a A 4 488 510 27 0 -12 3 . 7.0 x 107 . s.0x10"?
B 0 -3 3 . 1.2 x 102 . 14x1073
c -1 33 3 <28 <50 <8x107 <6 x10°4

3.1b A 4 MT 418 M 0 -12 3 » 9.4 x 10% . 49x10°?
B 0 -9 3 . t . t
c ~-15 33 3 67x10! 9.0x10t 3.6x%x10°? 47x107¢

llc A 4 287 310 39 0 -12 3 . 6.0 x 10? . 2.1%10"2
B 0 -9 3 . 6.6 x 10% . 2.3x10"2
c -15 33 3 o 2.5 x 10° . 8.6 x10°¢

s.1n A ¢ 483 8510 21 o -18 3 . 2.8 x 10 . 3.0x107?
B o =15 3 . 7.0 x 10% . s.0x10°?
c 0 15 3 . <50 . <8x 1074
D 6.5 o 3 . <50 . <8x 10”4
E 0 o 3 . <50 ° <6x 1074
F -6.5 0 3 . <50 . <8x 10°¢

¢ Not instrumented
t No data obtained
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Appendie E'
INTERIOR MISSILE and DUST HAZARD

2.1 BACKGROUND

£.1.1 Missile Hazard. Although most of the re-
cent work done in wuund batlistics has been concerned
with missiles having veloditie s between 600 and 9,000
ft/sec, it is also a fact that relatively slow vejocrty
misstiles which are secundary effects of large-scale
explosiuns cause significant casualties, It 1s anm-
portant fact that missiles with velocities well below
500 ft ‘sec, 1n some nstances even less than 90 [3/sec,
penetrated the abdominal wails of (xperimental animals
{dougs). From this, it 1s evident that slow-velocity
missiles, the type that would be expected tn under-
ground concrete structures, possess wounding capa-
bilities. {(Sec also Reference 29.)

E.1.2 Interior Dust Hazard. Fatalities from the
inhalation of dust among individuals who had entered
structures to escape the effects oi aerial bombard-
ment are described in Reference 30. The sources of
the dust (which often was 1n the particle size range to
mechanically occlude the respiratory pas.ages) were
collapaed buildings and the ceilings and walls of struc-
tures near which bomb detonations vccurred. Appar-
ently, explusions can cause dust :aside of non-
penetrated shelters not only because of mechanical
factors but also by the spalling effect, a phenomenon
which involves the transmission of a shock or pressure
pulse through the walls of 1 structure. which upon
reaching the air-structure inte-face at the inner sur-
face is reflected as tension wave back into the wall.
The consequence o! the reflection is the spalling of
portions of the wall and/or fine particles of different
sizes which are kiched off the inner surface into the
internal atmosphere. The existence of a potential
hazard to occupants is a function of particle size, con-
centration in the tnhaled a.r, and total time of ex-
posure.

Since dust is a known environmental hazard and be-
cause no data exist referable tv closed underground
structures exposed to nuclear detorations, a decision
was made to carry out fleld investigation to determine
if a dust hazard actually existed in the structures of
Project 3.1.

E.2 OBJECTIVES

The main objective of placing Styrofoam missile

'This appendix written by Clayton S. White, M.D.,
Project 33.2, Director of Research, The Lovelace
Foundation, Albuquerque, New Mexico.
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traps tn the four structures was t determine whether
or nut 4 missile hazard (concrete fragments) actually
existed, and to attempt a correlation uf missile hazard
with percent of structural damage. At the present
time there uxists no precise assay of casualties caused
from missiles with respect to misstle size and velocaty.

The main ubjcctives of the dust study were to ducu-
ment the particle sizes of preshot and postshot dust
4and to differentiate, of pussible, the sources of toe
postshot dust, e.g., whether or not particles arose
from the cxisting dirt on the floor of shelters or ac-
tually spalied from the floor, walls, or cesling as a
result of the explosion.

E.3 PROCEDURES

E.3.1 Missile Traps. Styrofoam 22 (made by the
Dow Cheinical Company, Midland. Michigan) has most
of the required properties of a good absorber of mis-
siles. The relatively low shear strength und the non-
fibrous celiular structure of Sty rofoam result 1n lo-
calized compresaive deformation. The resistance of
Styrofoam to deformation 1s low enough so that rela-
tively slow velocity missiles penetrate sufficiently to
be measured accurately. (See Reference 29).

The missile traps were constructed of %-inch-
thick plywood and were 3 {eet long, 1 foot wide, and
11 inches deep with Styrufoam filling the entire box.
The traps were located near the center of each struc-
ture and secured to the floor by means of a chain an-
chored to Ramset fasteners. A typical trap in place
18 shown in Figure 2.14.

E.3.2 Dust Collectors. Two sommwhat similar
types of dust collectors were uttlized. The nurst,
taped to the floor of each shelter, consisted of an or-
dinary glass microscopic shde, one inch of which was
covered with transparent scotch tape, sticky side up.
The second, cemented to the floor of vach structure,
was the sticky-tray fallout collector: a ¥g-inch-thick
plate of gatvunized sheet metal 94 by 10} inches was
employed for rigudity, on top of which a transparent
but sticky paper was fixed with masking tape. The top
of the sticky tray (8 by 9 'nches) was pro.ected by two
rectangular picces of paper which ordinarily are strip-
ped off just before exposure of the collector. Upon
Instaliation of each plate one of the protective papers
was removed and the uncovered side of the collector
was marked “C"” for control. When the structures
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were closed up, the other protective vaper was re-
moved. thus exposing the other side of the collector
marked “E” for experimental.

Thus the microscopic shides cotlected preshot and
pustshot dust. the control side of the {uliout collector
cullected preshot and postshot Jdust, and the expert-
mental side collected predominantly postshot dirt.

Two slides and two trays were piaced 10 each struc-
ture. At the time of installation of the slides and trays,
2 sample of dirt was scraped from the floor of each
structure and placed 1in 3 marked bottle.

E.4 RESULTS

The structures were closed up two days before the
shot, at which time the protective covers were re-
moved from the vartous missile traps. At the same
time, the protective paper covering the experimental
side of the dust collector trays was removed. The
structures were wnttially re-entered four days after
the shot, at which time the shides and trays were re-
moved and returned to the laboratory for analysis.

£.4.1 Missile Trags. No evidence of concrete
fragments (missiles) were found in the missile traps
or on the floors of the various structures. There was
one tnajgnificact exception, however. Prior to the
shot, a small hole 1n the end wall of Structure 3.1.c
was patched with grout. The wall suffered some dam-
age from the detonation in the form of cracks, one of
which passed through the grout pocket, thus shaking
{oose some grout material. The cracked loose grout
can be seen in Figure 3.21.
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E.4 2 Dust Cullectors. At the time of fmtfal re-
covery, the lops of the microscopic slides were cov-
ered with transparent scotch tape  The fallout trays,
after being pried lvose from the floor. were placed
face 1o face, care being taken to vppose the cunirol
stde ..{ one collector o the control side of the other
taken from the saime shelter. These measures
served to protect each of the dust collectors from
contamunation after removal (rom the several struc-
tures.

After recovery. the two opposing sheets of the
transparent sticky paper were stripped from the fall-
out trays. Inspection of the preparations revealed
the following: The sticky paper from all of the shel-
ters was successful in trapping debris, particle sizes
varied from microscopic particles of dust to discrete
pieces of mortar, wood, and small aggregates of dirt
None of the material on the slides was identified a3
originating from the intertor surface of the arch. The
dust particles on the shides matched the preshot dust
samples taken from the {loor of the structure

E.5 CONCLUSIONS

E.5.1 Missile :12zards. Tbhe four concrete under-
ground structures were [ree from concrete missiles.
No interior missile hazard existed 1n the structures
from the cffects of a device of the yield tested in the
Priscilla event beycad a range of 860 feet from ground
2ero.

E.5.2 Dust Hazard. It appears that no dust hazard
was present 1n any of the structures,
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Appendix F ‘
RADIATION EFFECTS on RECORONG PAPER

F.1 BACKGROUND

This study was made to determine the relative re-
sistivity to fogging of various recording papers and
film when evposed to nuclear radiation. In past opera-
tiuns, various laboratories have encountered difficulties
fn obtaining readable record traces on photagraphic-
type recording papers exposed to radiation. Two meth-
ods currently employed to protect records {rom radia-
tion effects are by using a tape recording sysiem, or
by shielding the instrumentation shelter to tsolate the
recording system from radiation etfects.

Film fogging produced by radiation apparently has
two sources: direct radiation effects and indirect ef-
fects which accrue from the removal of records through
the high surface-radiatioa field.

F.2 PROCEDURE

The papers and {ilm available at the Nevada Tezt
Site for use in the tests were: Kodak 1127, Xodak
Microfile Film Emulsica No. 1112, Kodak 809, Visi-
corder, and Lino Writ 3. Each paper was trace-
exposed by conventional means with the exception of
the Microfile, which was not exposed. Five-inch
squares of each type of material were placed in
twenty-seven lightproof, waterproof envelopes under
dark-room conditions. Envelopes, numbered 1 to 15,
were used in an experiment having a Co* point
source operated by Evans Signal Laboratory. The
dosage rates varied from 100 mr to 1,000 r, with an
accuracy of ¢+ 5 percent of the indicadl dosage.

The remaining eavelopes, numbered 16 to 27, cou-
tained {ilms that were placed in various structures to
permit a direct effects comparison with the calibrated
envelopes numbered 1 to 15. They were locaied in
areas that would experience a significant variation of
total radiation dosage. A film badge which is capable
of measuring radiation exposure up to approximately
1,000 r wes taped to each envelope.

After the shot, the eavelopes placed in the fleid

!By J.D. Laarman, Sp 3, Project 3.1, and P.A.
Shows, both from the U.S. Army Engineer Watarways
Experiment Station, Vicksburg, Mississippi.

were removed between D-Day and D + 4. All of 22
recording papers were taen developed at the Water-
ways Experiment Station under standard dark-room
s> hods and .0 accordance with tbe manufscturers’
specifications.

The film badges used to determine the field radia-
tion dosages were analyzed by the Chemical Warfare
Luboratory. Because the high energy radiation ex-
tended beyond the 1,000 r raage of the {{lm badges in
some of the {ield potmo??s. radiation expysure above
this level is simgly noted as being greater than 1,000
r. However, in two stations, F3.1 9014.01 (3.1.c) and
9014.02 (3.1.b), ratiatica values excecding 1,000 ¢
werz recorded by Profect 2.4 (see Appendix D) and are
shown in Tabic%F.1 uader envelope Numbers 17 and 19.
The dosage estimates have a possible variation of 2 20
perceat. .

F.3 RESULTS AND CONCLUSIONS

Table F.1 presents the resuits of the experiment.

@ There were two recording pspers that showed definite
capabilities of resisting fogging {rom gamma radiatica.
The Visicorcer paper received no apparent effects
{from values 2f gamma radistiva up to 15,000 r. The
Microfile film fogged out at some value greate: than
200 r but less than 10,000 r; no other values between
these two radiation ranges were zvailable. Lino Writ
3 and K 1127 showed fogging effects in the range of 50
=, and became progressively darker with increased
radiation until the traces on the records were no
longer discernible at approximately 150 r. Clear
traces were observed for the X809 paper up to 30 &
but at values greater than 50 r, the paper fogged to
the extent that traces were no longer readable. 1t can
be concluded that the Visicorder paper would require
very little shielding from radiation while the other re-
cording papers would require considerable shielding
in order to obtain readable records.
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B Slight fogging, fair records ottainabie
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Appendx 6
SPECIFICATIONS for ARCH STRUCTURES

Appendix G describes in detari the technical specifica-
ticas a8 2ppited to the structures rested 1in Project 3.1,
The app.cable drawings referred w10 the =, vcilica-
tions are shown 1n Figures G.1, G.2 and G.3.
EXCAVATION, FILLING AND
BACKFILLING

G.1

The work covered by this section of the specifica-
tions consists tn furnishing all plant, tabur, equipment,
apphiances, and materiais, and in perfornung all opera
tions un connection with the excavauon, tiliing, and
backfilling, complete. tn strict accordance with this
section of the specificativas and applicable drawings.
and subject to the terms and conditivas uf the contract.

G.1.1 Applhicable Standard. The fullowing standard,
of the 13sue listed below but referred o terealter by
basic designation only, {urms a part of this spectfica-
tion:

American Assoctstion of State Highway Officials
Standard Metnod. T 99-49. Standard Laboratory
Method of Test lur the Compaction and Deasity of Sotl.

G.1.2 Excavation. The site ndicateu un the draw-
ings shal! be cleared of naturz! obstr.ctions nd exiat-
ing foundations, pavements, utility Lincs, and uther
items that would interfere with the construction opera-
tionr The excavation shall conform to the dimensions
anda elevations indicated vn the drawings for the struc-
ture, except as specified below, and wit work inciden-
tal thereto. Excavation shall exiend a .ntnimum of 10
feet borizontally {rom footingg, or to whatever dis-
tance is required to allow flor placing .t removal of
forms, instailation of services, and {or inspection,
except where the concrete {or walls and footings 18
authorized to be deposited direct]y against excavated
surfaces. Undercutting will not be permitted.  Suit-
able excavated material required for {ill under slabs
shall be separately stockpiled as directed by the Con-
tracting Officer. Excess materis! Irom excavation,
not required for {ill or backfill, shall be wasted.
Wasted material shall be apread and leveled or graded
2 directed by the Comtracting Officer.

G.1.3 Fill. Where concrete slabs are to be placed
on earth, unsuitable material, as determined by tbe
Coatracting Officer, shall be removed. Flll, where
required to raise the subgrade {or concrete slabs
to the elzvations indicated on the drawings shall coa-

sist uf crushed stons . sand, gravel, earth, r otinr
material approved by the Catracting Officer. B}
shall be cnmpacted 1n 2 inanner approved by the Cun-
iracung Officer. and the subgrade brought to a reason-
ably true and even piane. Crushed stone, sand or
gravel ased for fill shail be pliced in layers not more
than » inches thick. Earth used for fill shall ve placed
in lavers not more than < inches thick. Each layer
shail be uniformuly spread.

G.1 ¢ Badckhliing. Alter completon of foundation
footings. [oundation walls, and other coastruction be-
low the vievation of the final grades, and prior to back-
filling, forms shall be removed and the excavation
shall be cleaneo of trash and debris.  Backfil] shall
consist of the excavation or borrow »f sand, gravel,
ur uther materials wpproved by the Cootracting Officers,
and shall be [ree of trash, jumber, or other debnis.
The backfill matenal shall coafurm to a moisture coa-
tat determaned by taboratory tests and compacted to
a spreified density.  These values will be furnished to
the contractor prior w the flield operation.  Backfill
shall be placed in horizontal layers not more than 8
inches thick. Backfill shall be brmught to a switable
elevation above grade to provide for anticipated settie-
ment and shrinkage thereof. Back{ill shall not be
placed against the structure prior to 7 days after com-
pletion and then only after approval by the Contracting
Officer. Back{ill shall be brought up evenly vn each
side of the structure as far as practicable. [n no case
should the backftll on one side be carr. xd more than
12 inches higher than on the opposite side. Heavy
equipmrent {or spreading and compacting backfill shall
not be operated closer than 6 feet from the structure.

G.2 SUPPLEMENTAL BACKFILLING
INSTHRUCTIONS

The {u .owing supplementai instructions prepared
by Project 3.8 were tasued to the contractor to asaure
proper preparation and placement of the backfil}
material.

G.2.1 General Requiremonts and Coaditions. The
soll required to be excavated for all instaliations of
Project 3.1 ahail be stockpiled and used for backfilling
the excavations around and over the completed installa-
tions to the specified grade. The backtill shall be com-
pacted by means of mechanical tampers (pneumatic or
power opereted) to 100 percent standard AASHO density
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[

Firure G.1 Reinforeed

concrete arch structure, floor plan and secticns.

125
CONFIDENTIAL

[ v om A T o
~ - s . & A ]
—8 KEY PLAN G-
r’C I ——E !
08 Somny -
h ]
1§31 C mm— - - ‘;" - - —
A T e e T T
S == T
) y K £ g N
t—oﬂ\:-o .7 - 1 “] ¥|
H 3 . 1 e, { :
] ' . T Ivanty Tecy Y i
Ve } »~ - 4L - 3
R M DNy ity L .
ve ol I wch v N
.t ~ . ' - e ey N ‘!_ !
$ s & . ‘.‘ - }‘ z l‘ .

- NS OCT . | - f] A
L * Lo~ wwa L _.t
tegt » ol 1 .

B "‘h? 3- "":-l-l‘ - - (f TYPTIN
. N T,
“~ "
;*‘l,_.";.'g"‘—“j’!,‘x . S )
o . T
¥ - - .
" R
L
R LY iy
. LA 2 3% Poe e Cao .
l_." \\; Tow ¢ .y - R
A~ 7 X Loed] H i niy
v tde Ll . - . t i X
N e - 3 e
N o A * * oy 1)
2 - - :
- _ __.__['f:J % nvewrr_ IR
[ PO —— e e O (I LML) . -
38T (Strnchmre 3:/- 1) Ato,
0«
*~C 8
LA LT e EAooR PN
S vt e mide o ave
S T P T P v tiad ot ancharad o
s s I N §
K wan
e """/ - h'-“"N N Grousy jeve ’—/
— 1
AT SiRT TR 2RE
f— :‘; \‘1’_’2;?“1’ } b‘z
] ] W
A Lil ewgrr !" N —" LY
N P N — _ > —
[ 4 R o0l 9 F Drae. 4
. l NA ot
. ; R l! -y L3
3 |I b} b A . G gy e et &L
o ' - D ~Trwsnr 88 ’ bW
st Ul __';:; . 00Y) 1wbbe) ™
Yoo ' o8 8°¢ o Iir 3 pee “ N
LI % st P Ao pecrrona N ony (ree tr?9-4
M T e d ;
‘lll U ' o Tl
wf- oo ! » 1'900¢ Jpur, Sy | « IM.‘ I i
Crms Mo AL wwadde— g TR e
it I RS} bt - 7 =- .
‘ — g b - 1o i \! ‘/ - - £LF
ORI~ — T 3 = d
.'-}:""P.... —— 28 np f 20 o
o>




190 p #0540

H-H NOILJ3%

b o0 s Ay pn ™
a3

mic
NSl
mﬂl A -

ponunuoy 1'9 aandiy

9-9 NOILD3

P

1 | 1P 11
L o7,
i . .
H h &
. Y N
m /
| 3
) N TR0 ~
“ N . A q " P -
I M ” LY 4 ,m
> . 1240 M 1750
“ \\\\. P 1 = m
- \\\\\ f .~. “ g .N\-VN\I .u ﬁ.r .
—’vu 70 v [ W N
MR ﬁ\ Y ..M;
JOBy O Py s e,
i QS IM — b ) \umlr O} o A By o
roaoxd Hlpss — AR ’ v/ il
N - \ 210, ' 1160
Q O, ) L
3 N TIRITR
” ~
-
[ ° _ - . -
o ~ (L . >
" - e R e
IR L
I

¥ INT A (Ae0)
7PV 7 & amairas

TG ees T

e ]

1

A
o)~ 0TV addnd . w

[

[ ’ 1

R
— O

128

CONFIDENTIAL




“ponupuoy) 1o dandig

Y2y pp PNAPD i O] BN S 11Oy 0K
DO, P 87 OLYIPS O o} iy KN

YNLINYLS) 3-3 NOILIIS

=
- . —— ey A pois Uawy po PNy pra
— - IONOXNAEY (o " p st B [/0YF
L (J AN P20 I8 |20 0D

oS wp N, E i Dt

(PO PRI 4QR) [1AW)
(nbas oo vacp peog) p Q\\ﬁl«! .

Seor, Nidend O et 3V
A T F YL ooy T
] T
‘ —8F 4
h 1 oo
i
- 2 v, % +. ! R
e @ - 3
Lo _..\q&\\\ i T b

C@Ov L NS ,HNIQ |020WY, (913088 20} b-6L NS ¥IS 8
S/BIOD 8-} § NS NOILIPOO JO YN0 K] QI HS N WS L
NMIOYIC e S SS N T 80 O §1 JuIs Iy 18430 WY 003y 2
Svowa 100 21 TR

857 JI0S oY DOUIWIRAD 80 % DUC UmYE 1 v N0l IR Y

Wiy 3 10 Do ays AIsro Mo paoort
QY40 0 K NI v g0 0] ey W0 10 (-2 @ /5, % -~ ] |
YO BeIW (U Y LIOUS 154 ViDD g 1B N 830312y f v 7 4 _ - v_Q .w» 1
04t AGL O YINS 1 POIOIC 8Q 1OVS sM0T T P ‘ . .
Detov 3 11398 rlux. RN a -
S0 OF N WAWiwRw O 4G N 22408 Lo ss f100 117 K .~ . F M
PIIINDRE S0 1C 100N 2 .04
v O oo o/ a3y |
PINAPIPIOV) €16 1IN EIOD DGO $asPiast v By |
[TLI TNty (8 310N 335) € W
NOILYAITD

V)
r

161014 8 D? WO 1 adS 1000084
Vit Dyl Ly, . b7 wOUBIS A VL 4Dy T
NIy Ve BUODIINE v *
2008 210 DBw IR B 10V
L N-ARh
VIO ns BAEEOTWII WhUIUIw D PIY 4 m e
Oipg § OP VONUI ORI DD ey
Or DUD [§6 47 WHOUDRN U301 IR e
WD SIS (SN DUD SOy oe Bud N s pINS [E7 AXS
oty
AN Y

.
bt o -

LGS0y yS I

-

a-e

s
»

G, 03y SLNO SC
(Uvoq'e-1-€ FUNLINYLS) @ Tvi3a

0,03y SL1WNN G

(v 9Q©.-¢ JBALONYLS) v 1Iv13a
1 zmh(\,MJ“
i

e .
Q&(\‘kh.\ _
‘C\S\é\*\\_ .
I
T

IS

3. 9% & wanys .
ansis gy g4 o =)

ke

i

19 -19 NOILD3S

TR ]
M_ .. L,“

VL1
! M_.Wr,.?.“u.&

127

CONFIDENTIAL




at a water content of 3 percent of the optimum water
conteat for standard AASHO density. Sheepsfoct roll-
ers will not be used for compacuon of any backfill for
Project 3.1 wnstallations.

Scil from the stockpiles to be used for backfilling
has been subjected to extensive compactiun tests. The
tegt results show relatively »ide variativns in the cem-
paction characteristics of the soitl 1n individual stock-
piles, and that all of the soil 18 8 to 15 percent dry of
the water content required for compaction. As 3 result,
the soil in individual stockpiles will have to be thor-
oughly mixed and sufficient water will have to be added
to the sci! to increase the water content to 3 percenst
dry of optimum before 1t i8 pleced and compacted as
backfill. Otherwige, backftll with the requ.red strength
characteristic cannot be constructed.

Equipment and procedures not covered in these
nstructions may be used 1if considered satisfactory
by the Project Officer. Any additional detailed in-
structions, not covered by directives from higher
authority, as to the equipment and procedures to be
used n backfilling operations, will be issued to the
appropriate contractor supervisory personnel by the
Project Officer.

All soil sampling and testing required in connection
with backfilling operations will be performed by Proj-
ect 3.8 personnel. Results of completed tests may be
obtained by both project and contractor personnel
from the Project 3.8 field office located in the French-
man Flat area.

Project 3.1 requires the backfilling of four struc-
tures which are identified as:

F-3.1-9014.01 (or 3.1.c)
F-3.1-9014.02 (or 3.1.b)
F-3.1-9614.03 (or 3.1.a)
F-3.1-9015 (or 3.1.n)

The backfill may start on any one of the four struc-
tures. Once started, the backfflling on each of all
four structures shzll be a continuous operation without
intermittent delays.

There shall be no trash, lumber, debris, or un-
controlled soil contained in either the excavated holea
or In any backfill soil.

The final grade of the earth fill for all four struc-
tures shall be the specified natural grade elevation.
The final grade around the structure entrance shall be
flush with the top of the structure entrance.

If floods or any similar act of God should be ex-
perienced before the backfilling is completed, all com-
pacted and stockpiled backfill soil shall be protected
from damage by the act.

At no time (l.e., during backfill mixing, placement,
or compaction operations) shall any equipment come
In contact with or otherwise endanger the soundness
of the structures, instruments, instrument cables, or
instrumentation piping.

At no time shall heavy equipment and/or earth-
moving equipment operate closer to the structure than
a vertical plane passing within 6 feet of any part of
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the foundation base of th « strucure.
The basic backfill procedus vs are to be tdentical
for all four structures with the fullowing exceptivns:
(a) Back{tlling on Structure 3.1.n must cease for ap-
proximately one half bour to atlow Project 3.1 person-
nel to make required instrumentation mezdsurements .
when the backfill reaches a height of 6 feet above the
top of the footings. and ag2in when the backfill 18
level with the arch crown, and (b) Structures 3.1.a and
3.1.b have additional trench excavations with 8-inch-
diameter pipes on their south ends. Backfilling shall
include these trenches, with special precautions taiken
to protect the 8-inch-diameter pipes they conta‘n.
Special precautions must also be taken to protect
the instrumentation cabies coming ou: of the structures
into existing i strumentztion treanches on the soutn end
of all four structures. Controlled back{illing of t.ese
approximately 3-foot-deep trenches shall extend from
the structure base slab for 15 feet. .

After compaction 18 finished on ail four structures,
all waste soll shall be removed from the Project 3.1
area, and disposed of 1n 3 manner which shall not in-
terfere with any other project test area.

The completion time for the backfill of all four
structures shall be no later than 30 May 1957.

G.2.2 Backfill Construction Procedures.

G.2.2.1 Mixing backfill soil. Individual
stockpiles of backfill soil shall be thoroughly mixed
in order to achieve a uniform soil mixture beforc wa-
ter is added to the soil. The required mixing shall be
accomphished a minimum of 24 hours, and preferably .
lenger, before water is added and the soil stockpiled
for use as backfill.

Mixing of small stockpiles to be used for backfill-
ing Project 3.1 installation shall be accomplished by
casting the entire stockpile with a dragline or clam-
shell from its present location to a new location, then
recasting the stockpile to another location convenient
for adding water, mixing, and placing the prepared
soil 1n the area to be backfilled.

G.2.2.2 Adding and Mixing Water into
Backfill Soil. After backfill soil hag been thor-
oughly mixed it shall be placed {n windrows of con~
venient s1ze, and sufficient water shall be added in
Increments and mixed into the soil by means of a pul-
vimixer and motor patrol to raise the water content
to that sz« “ified by the Project Officer.

Immediately after the adding and mixing of water
into the backfill soil has been completed, the soil win-
drow shall be stockpiled at a location convenient to
the excavation to be backfilled. Stockpiling shall be
accomplished by means of a dragline, clamshell, or .
endloader. Stockplled soil to which water has been
added shall be protected f-uom drying by covering with
tarpaulins, or sprinkling, as required or directed by
the Project Officer. Also, stockpiles from which goil .
is being removed and placed for compaction shall be

CONFIDENTIAL




maintained in a symmetrical cone shape, and shal}
not be permitted to become ragged, as this would
result in excess evaporation of water.

G.2.2.3 Placement of Backfill Soll to be
Compacted. All loose soil and debris shall be re-
moved [rom excavations to be backfilled prior to the
placement of the first hift of backfill soil, and there-
after as requirad or directed by the Project Officer.

The exposed surface of previously cornpacted back-
fill and the face of the exeavatica up o the top ot suc~
cesstve hfts of backfill shall be sprinkled lightly with
water to nsure bonding of the backfill. Ponding of
water on the surface of compacted lifts will not be per-
mitted. Any surfaces of previously compacted hits
that appear too hard or glazed tu insure bonding with
the next lift to be placed shall be scarified 1f 8o di-
rected by the Project Offtcer.

All soil placed as backfill shall be obtained from
previously prepared stockpiles. The placing of soil
directly from windrows into areas to be backfilled
will not be permitted.

The so1l will be placed 1n Ifts of uniform thickness
sufficient to resuit in compacted lifts of 4 inches. In
order to wnsure uniformty of lift thickness the place-
ment of successijve lifts of loose backfil] shall be con-
trolled by grade stakes. Starting at the bottom of the
excavation, grade stakes for placement of backfill will
be get at successive heights of 4 inches above the bot-
tom. In the event of undercompaction, or overcom-
paction, the Project Officer may order changes in the
thickness of the lifts to be placed and compacted.

Loose soil that is permitted to become too wet, or
too dry, from any cause whatsoever after it has been
placed for compaction shall be removed and replaced
with backfill of the proper water content, if so directed
by the Project Officer.

The back{ill shall be placed in alternate layers
from both sides of the ctructures, maintaining as
nearly as practicable a uniform height of backfill at
all times. In no case shall the backfill on one side
be carried more than 12 inches higher than on the
oppostite side of the structure.

Special care must be taken when backtilling and
compacting within 2 [eet of all instrumentation pres-
sure gages (total 22 for all structures) mounted on
the outside surface of the structures. Project 3.1
Project Officer will give explicit on-the-job instruc-
tions concerning hand-tamping over and around
these instrumentation pressure cells on the Project
3.1 structures.

G.2.2.4 Compaction. Compaction by mechan-
1cal tampers shall be performed {n 2 manner that will
fnsure uniform application of compaction effort to the
entire surface of each lift to be compacted. At the
start of backfilling and compaction operations at each
installation, each unit of surface area of each lgose
lift equal in area to the area of the tamping foot of the
tampers shall be compacted by 25 blows of the tamper.
It may be necessary to vary the compaction effort
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from tims to time in order to achieve the required
density in the backfill. In the event such changes are
required, the Project Officer will issue inatructions
as ‘0 the compaction effort to be used.

The surface of all compacted lifts shall be pro-
texted 8o as to prevent undue drying out, or wetting
frcm ratnfal! or otherwise, by covering with tarpsaur
lins, o: oprinkling ae required or directed by the
Project Officer.

G.3 CONCRETE

The work covered by this section of the specifica-
tions consists {n furnishing all plant, labor, equip-
ment, appliances, and materials, and in performing
all operations in vonnection with the installation of
concrete work, complete, in strict accordance with
this section f the specifications and the applicable
drawings, and subject to the terms and conditions of
the contract. Full cooperation shall be given other
trades to instal]l embedded items. Suitable templates
or instructions, or both, will be provided for setting
{tems not placed in the iorms. Embedded items shall
have been inspected, and tests for concrete and other
materiale or for mechanical operations shall have
been completed and approved, before coacrete is
placed.

G.3.1 Applicable Specifications. The following
specifications, standards, and publications, of the
{ssues listed below but referred to thereafter by basic
designation only, forr a part of this specification:

a. Federal Specifications:
~ P-0-361 (CRD-C 508) Oll, Floor; Mineral.
QQ-B-71a (CRD-C 500) Bars; Reinforcement
for Concrete.
§S-C-158C (CRD-C 201) Cements, Hydraulic;
General Specifications.
§8-A-281b (CRD-C 131) Aggregate; for
Portland-Cement Concrete.
88-C-192b (CK)-C 200) Cements, Portland.
0-C-106a (CRD-C 505) Calcfum Chloride;
Hydrated, Technical Grade.
§8-C-197 (CRD-C 251) Cement, Portland

§§-C-197 (CRD-C 251) Cement, Portland
Blast Furnace Slag.

&

Corps of Engineers Specifications:

CRD-C-5-52 Slump of Portland Cement Con-
crete.

CRD-C-300-52 Pigmented Membrane-Forming
Compounds for Curing Concrete.

CRD-C-16 Method of Testing for Flexural
Strength of Concrete.

¢. JAmerican Society for Testing Materials
Standards:
A-305 (CRD-C 506) Mir.mum Requirements
for the Deformation of Deformed Steel Bars
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for Concrete Remnforcement.

C-31 (CRD-C 11) Making and Curiag Concrete
Compression and Flexure Test Spectmens in
the Field.

C-39 (CRD-C 14) Compressive Streng.h of
Motded Concrete Cyhinders.

C-40 (CRD-C 121) Organic Imp rities .n Sands
for Concrete.

C-42 (CRD-C 27) Securing, Pr—~e i’ and
Testing Specimens from Har :n d 7 ncrete
for Compressive and Flexural 2t ngrhs.

C-94 (CRD-C 31) Ready Mixed oncreic.

C-192 (CRD-C 10) Making and Curtng Concrete
Compression and Flexure Test Epecimens in
the Laboratory.

C-171 (CRD-C 310) Paper, Concrete-Curing.

G.3.2 Materijals.

4 A. astves: Abrasive aggregate shall be alumi-
num oxid' or emery graded from particles retained on
a No. 50 sieve to particles passing a No. 8 sieve.

b. Accelerating agent shall be calcium chloride
conforming to Federal Specification O-C-106 (CRD-C
505).

c. Aggregate: Both coarse and {ine aggregate shall
conform to Federal Specification S§-A-281 (CRD-C
131). Coarse aggregate shall be weil graded from fine
to coarse, within prescribed limits. The maximum
size shall be 1 inch for class A concrete.

d. Cement: Only one brand of each type of cement
shall be used for exposed concrete in any individual
structure. Cement reclaimed from cleaning bags or
leaking containers shall not be used. Cement shall be
used in the sequence of receipt of shipments, unless
otherwise directed by the Contracting Officer.

(1) Portland cement: Federal Specification
S§8-C-~1%2 (CRD-C 200), Type i or Type lI (Type }-A or
Type I-A).

(2) High-early-strength Portland cement: Fed-
eral Specification S5-C~192, Type 111 ) Type I1I-A).

{3) Portland blast-furnace slag cement: Federal
Specification S5-C~197 (CRD-C 251).

e. Curing matertials:

(1) Waterprcof paper: ASTM Designation CRD-C

310.

(2) Mats: Commercial auality of type used for

the purpose.

(3) Burlap: Commercial quality.

(4) Membrane curing compounds: Corps of

Engineers Specification CRD-C 300.

(4) Form oil: Fedeial Specification P-O-361
(CRD-C 508).

(5) Form ties shall be of approved design, fixed
or adjustable in length, free of devices which will
leave a hole larger than 4 inch 1n dilameter 1 surface
of concrete.

g- Rewnfurcement:

(1) Bars: Federal Specification QQ-B-71 (CRD-
C 500), type B, grade 2, intermediate billet. Deforma-
tions shall conform to ASTM Standard A-305 (CRD-C
506).

(2) Mill reports: Certified copices of mill reports
shall accompany deliveries of reinforcing steel.

h. Water shall be clean, fresh, and [ree from in-
jurious amounts of mineral and organmic substances.

G.3.3 Admixtures. Admixtures shall be used only
on written approval of tLe Contracting Officer. Tests
of admixtures will be made by the Government tn ac-
cordance with applicable Federal or ASTM specifica-
tions or ay otherwise prescribed.

G.3.4 Samples and Testing. Testing of the aggre-
gate and reinforcement shall be the responsibility of
the contractor. The testing agency shall be approved.
Testing of end items 18 the responsibility of the Gov~
ernment. Samples of concrete for strength tests and
end items shall be provided and stored by the contrac-
tor when and as directed.

a. Cement shall be tested as prescribed in the ap-
plicable references specification under which it 1s
furmsbed. Cement mnay be accepted on the basis of
mtll tests and the manufacturer’s cerufication of com-
pliance with the specifications, provided the cement
is the product of a mill with a record of production of
high-quality cement for the past 3 years. Certificates
of compliance shall be furnished by the contractor, for
each mill lot of cement furnished from different mills
in mixed shipment and for each separate shipment
from the same mill, prior to use of the cement in the
work. This requirement is applicable to cement for
job-mixed, ready-mixed, or tcansit-mixed concrete.
Cement proposed for use where no certificate of com-
pliance i8 furnished or where, in the opinion of the
Contracting Officer, the cement furnished under certif-
icate of compliance may have become damaged (n traps-
it, or deteriorzted because of age or improper storage,
will be sampled at the mixing site by representatives
of the Government and tested for conformance to the
specification at no expense to the contractor. Access

{. Forms shall be of wood, metal, or other approved tO the cement and facilities for sampling shall be

materfal and shall conform to the following require-

ments:
(1) Wood forms: No. 2 Common or better

Iumber.

(2) Plywood: Commercial-Standard Douglas fir,
molsture-resistant, concrete-form plywood, not less
than 5-ply and at least %,-inch thick.

(3) Metal Forms of approved type that will pro-
duce surfaces equal to those specified for wood forms.

readily afforded the Government's agent. Cement
being tested shall not be used in the work prior to re-
ceipt by the contractor of written notification from the
Contracting Officer that the cement has satisfactorily
passed the 7-day tests. Cement, for job-mixed con-
crete, failing to meet test requirements shall be re-
moved from the site. Cement at batching planta for
ready-mixed and transit-mixed concrete failing to
meet test requirements shall not be used in Govern-
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ment work.

b. Aggregate shall be tested as prescribed in
Federal Specification SS-A-281b (CRD-C 131). In
addition, fine aggregate shall be tested for organic
impurities in conformance with ASTM Standard C-40
(CRD-C 121).

¢. Reinforcement: Reinforcing bars shall be
tested as prescribed 1n Federal Specification QQ-B-
71 (CRD-C 500). Ten sample re{nforcing bars of 18-
fnch lergth shall be taken from the structure for each
of the following size groups: No. 5 or less, No. §to
No. 8, and over No. 8. The ten samples shall be se-
lected so as to represent a specimen from the wall
reinforcement, the floor-slab reinforcement, and the
arch reinforcement. Each sample shall be securely
tagged so as to identify the source of the sample with
respect to the structure and shall be forwarded to the
testing iaboratory, as directed by the Contracting
Officer.

d. Concrete: The contractor shall provide for
test purposes 30 compression test cylinders per struc-
ture and 10 beam specimens per structure taken dur-
ing the pours. These samples shall be taken from
pours designated by the Contracting Officer. Test
specimens shall be made and cured in accordance
with ASTM Standard C-31 (CRD-C 11). Specimens
shall be cured under laboratory conditions except
that the Contracting Officer may require curing under
field conditions when he considers that there is a pos-
sibility of the air temperature falling below 40* F.
Cylinders shall be tested in accordance with ASTM
Standard C-39. Beams shall be tested in accordance
with Corps of Engineers Specifications (CRD-C-16).
The standard age of test for determining concrete
strength shall be 28 days, but 7-day tests may be
used with the permission of the Contracting Officer,
provided that the relation between the 7-day and 28-
day ,trength of the concrete is established by tests
for the materials and properties used. Some speci-
mens will be tested at an age designated by the Con~
tracting Officer. If the average of the strength tests
of the laboratory control specimens for any portion of
the work falls below the minimum allowable compres-
sive or flexural strength at 28 days required for the
ciass of concrete used in that portion, the Contracting
Officer shall have the right to order a change in the
proportions or the water content of the concrete, or
both, for the rematning portions of the work at the
contractor's expense. If the average strength of tha
specimens cured on the job falls below the minimum
allowable strength, the Contracting Officer may re-
quire changes in the conditions of temperature and
moisture necessary to secure the required strength.
Where there is question as to the quality of the con~
crete {n the structure, the Contractiog Officer may
require tests in accordance with ASTM Standard C-42.
In the event that tests indicate that concrete placed
does not conform to the drawings and these specifica-~
tions, measures prescribed by the Contracting Officer
shall be taken to correct the deficiency at no additional
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expense to the Government.

G.3.5 Storage. Storage accommodations shall be
subject to approval of the Contracting Officer and
shall afford easy access for inspection and 1dentifica-
tion of each shipment in accordance with test reports.

a. Cement: Immediately upon receipt at site of
work, cement shall be stored in a dry, weathertight,
properly ventilated structure, with adequate provision
for prevention of absorption of moisture.

b. Aggregate: Storage piles of aggregate shall
afford good drainage, preclude inclusion of foreign
matter, and preserve the gradation. Sufficient live
storage shall be maintained to permit segregation of
successive shipments, placement of copcrete at re-
quired rate, and such procedures as heating, inspec-
tion, and testing.

G.3.6 Forms. Forms, complete with centering,
cores, and molds, shall be constructed to conform to
shape, form, line, and grade required, and shall be
maintained sufficiently rigia to prevent deformation
under load.

a. Design: Joints shall be leakproof and shall be
arranged vertically or horizoatally to conform to the
pattern of the design. Forms placed on succesgsive
units for continuous surfaces shall be fitted to accu-
rate alignment to assure a smooth completed surface
free from irregularities. If adequate foundation for
suores cannot be secured, trussed supports shall be
provided. Temporary openings ghall be arranged in
wall forms and where otherwise required, to facilitate
cleaning and inspection. Lumber once used in forms
shall have nails withdrawn and surfaces to be exposed
to concreto carefully nleaned before re-use. Forms
shall be readily removable wmathout hammering or pry-
ing against the concrete,

b. Form ties shall be of suitable design and ade-
quate strength for the purpose. Bolts and rods which
are to be completely withdrawn shall be coated with
grease.

C. Joints: Corners and other exposed joints in
more than one plane, unless otherwise indicated on
the drawings or directed by the Contracting Officer,
shall be beveled, rounded, or chamfered by moldings
placed in the forms.

d. Coating: Forms for exposed surfaces shall be
coated with oil before reinforcement is placed. Sur-
plus oll on form surfaces and any otl on reinforcing
steel shall be removed. Forms for surfaces not ex-
posed to view may be thoroughly wet with water in
lieu of oiling immedlately before placing of concrete,
except that {n cold weather with probable freezing
temperatures, oiling shall be mandatory.

e. Removal: Forms shall be removed only with
approval of the Contracting Officer and in a manner
to (nsure complete eafety of the structure. Support-
ing forms or shoring shall not be removed until mem-
bers have acquired sufficient strength to support safe-
ly their weight and any construction loads to which

CONFIDENTIAL




*3919010p UOI8S8]] JOJ OOASP [eAOWOY £ D 2InB1g

NoLUMITI  301S

my ¢ » £ 2 1 0 nos8

v-v NOI/LO3S

L
5 T . =
_ pobuy s poprsa + S0} O} B
. myip wow3 Cp 1V 0N L2 L poocy #s0q Wpsng o . .
o 1y 204
(090 edhy %
890Y VOIJINE Of 20WIWIS) xinoc.l\lw . SONNS pjspy .0 MW
00 204 PO3I0NNEY. adeds HER
0 9; S—§-¢
_1 l sebvony 406
S ¥ or0n 0= 97
. ia
- . f ody warwny T 0.9 p-]
* ' N2 pV2e8sy NS
)
........... o | .
oide | - . -
) W
! b
< wq03 My JYY w. 1 o100 V3 o0
SN oo by I
) _F #30jiR5 pAOIG > N
srowiyy

£ Q2L 1900y 20/
JEOPLL O Bemosp QL ‘tiremp [00011/PP9 204
WITINE @ wonIrsv0d Bermp
odd 100908 Cp Buidosg 8PIACI OF J0130N¥OD
‘eBuimoIp  WeyINI VO 810801d
pue vBrsep sriovy o 3y Jo ALinqisvodsely
P0ou00d pOwesp 0did [ JO VOIS [10M 20Uy OLf)
PO/ 049g 0 Of PON 04 wry 1= 200p0 |y

91,8 %9 11y -SJLON

R

~

s

M AN

>
= v.://
»~ nVI
——NE
» h /

N

RN
~

z9

134
CCONFIDENTIAL

s




they may be subjected, but in no case shall they be
removed in less than 6 days, nor shall forms used
for curing be removed before eapiration of curing
period except as provided hereinafter under Section
G.3 19, Curing. Care shall be taken to avoiu spaliing
the concrete surface.

Results of suitable control tests will be uged as
evidence that concrete has attained suffictent strength
to permit removal of supporting forms. Cylinders
required for coatrol tests shall be provided 1n addi-
tion to those otherwise required by this specification.
Yest specimens ghall be removed from molds at end
of 24 hours and stored in the structure as near points
of sampling as possible, shall recelve insofar as prac-
ticable the same protection from the elements during
curing as {8 given those portiona of the structure
which they represent, and shall not be removed {rom
the structures for tranamittal to the laboratory prior
to expiration of three fourths of the proposed period
before removal of forms. In general, supporting
forms or skoring shall not be removed until strength
of control-test spectmens has attained a value of at
least 2,000 pounds. Care must be exercised to assure
that the newly unsupported portions of the structure
are not subfected to heavy construction or matenial
loadiog.

Tie-rod clamps to be entirely removed from the
wall shall be loosened 24 bours after concrete is
placed, and form ties, except for a sufficient number
to bold forms in place, may be removed at that time.
Ties wholly withdrawn from wall sball be pulled
toward ins{de face.

Holes left by bolts or tie rods shall be filled solid
with cement mortar. Holes passing entirely through
wall shall be filled from inside face with a device that
will force the mortar through to outside face, using a
stop held at the outside wall surface to insure complete
filling. Holes which do not pass entirely through walls
shall be packed full. Excess mortar at face of filled
holes shall be strurk off flush.

G.3.7 Reinforcing Steel. Reinforcing steel, fabri-
cated to shapes and dimensions shown, shall be placed
where indicated on drawings or required to carry out
Intent of drawings and specifications. Any changes
shall be approved by tie Coniracting Officer and noted
on the plans. Before being placed, reinforcement
shall be thoroughly cleanad of rust, mill scale, or
coating, including ice, that would reduce or destroy
the bond. Reinforcement reduced in section shall not
be used. Following any substantial delay in the work
previously placed reinforcement left for future bond-
ing shall be insnected and cleaned. Reinforcement
ahall not be bent or straightened in a manner {njurious
to the material. Bars with kinks or bends not shown
on drawings shall not be placed, The heating of rein-
forcement for bending or straightening will be per-~
mitted only {f eatire operation is approved by the Con-
tracting Officer. In slabs, beams, and girders, re-

except as 2pproved by the Contracting Officer. At all
points where bars lap or splice, including distribution
reinforcement, a minimum lap of 30 bar diameters
shall be provided, unless otherwise noted.

a. Design: Rewmforeing detwls shown on the draw-
ings shall govern the furmshing, fabrication, and
placing of reinforcing steel. Except as otherwise
ghown on the dr  ngs, or specifted, construction
shall conform to :e following requirements:

(1) Conci. e covering over steel reinforcement
¢hall be not less than the following thickness:

Foolings or other principal structural mem-
bers in which concrete {8 deposited against the ground
—3 inches between steel and ground.

Where concrete surfaces, after removal of
forms, are exposed to weather or ground— 2 inches.

Where surfaces are not directly exposed to
weather or ground—1 inch.

(2) Steel in walls shail be as shown on the draw-
ings. Splices shuall be as shown, or shall be furnished
for the approval of the Countracting Officer.

(3) Shop drawings: Shop detail and placing draw-
ings for all retnforcing steel shall be furmished for ap-
proval of the Contracting Oificer.

b. Supports: Reinforcement shall i 2 accurately
placed and securely tied at all intersecs ons and splices
with 18-gage black annealed wire, and shall be se-
curely held 1n position durwg the placing of concrete
by spacers, chairs, or other approved supports. Wire
tie-ends shall point away from the form. Unless
otherwise indicated on the drawings, or specitied, the
number, type, and spacing of supports shall contorm
to the ACI Detailing Manual (ACI 315). For slabs on
grade (over earth or over drainage fill) and for foot-
ing reinforcement, bars shall be supported on precast
concrete blocks, spaced at intervals required by size
of reinforcement used, to keep reinforcement the
minimum height specified above the underside of slab
or footing.

G.3.8 Class of Concrete and Usage. Concrete
shall be one class and shall be proportioned to provide
a compressive strength at 28 days of 3,000 psi.

G.3.9 Proportioning of Concrete Mixes, Concrete
shall be proportioned by weight.

a. Measurements: A one-cub.c-foot bag of port-
land cement will be considered 23 94 pounds in weight.
One gallon of water will be considered as 8.33 pounds.
Coarse aggregate ghall be used in the greatest amount
consistent with requircd workability, and shall be of
the largest size suitable for the work and economically
available.

b. Corrective additions to remedy deficlencies in
aggregate gradations shall be used only with the writ~
ten approval of the Contracting Officer. When such
additions are permitted, the material shall be meas-
ured separately for each batch of concrete.

¢. Control: The strength quality »f tbe concret.

inforcement shall be spliced only as shown on drawings proposed for use shall be established by tests mad:
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in advance of the beginning of operations, using the
consistencies sustable for the work. Trial design
batches and testing shall be the responsibility of the
contractor. Spectmens shall be made and cured in
accordance with ASTM Standard C-i32 (CRD-C 10)
and tes:a i accordance with ASTM Standara C-39
{CRD-C 14). A curve representing the relation be-~
tween the water content and the average 28-day com-
pressive strength, or earlier strength at which the
concrele is to receive its full working load, shall be
established for the compressive strength called for
on the plans. The curve shall be established by at
least three points, each point represcnting average
values from at least four test specimens. The maxi-
mum allowable water content for the concrete for the
structure shall be as determined {rom this curve and
shall correspond to a strength 15 percent greater
than indicated on the plans. The final proportions of
the mix shall be determined by the Contracting Officer
from the results of the trial mixes. The proportions
so determined shall be adhered to unless otherwise
directed by the Contracting Officer.

In th= field, consistency shall be determined In ac-
cordance with CRD-C 5. The slump shall fall 2tween
2 and 4 inches provided the required strength is ob-~
tained. The slump for nonvibrated concrete when ap-
proved by the Contracting Officer shall be from 3 to
6 inches. Should the specified strength not be obtained,
the contractor will be required to vary the mixture suf-
ficiently to meet the requirements but the maximum
allowable water conte nt specified shall not be exceeded.

G.3.10 Job-mixed Concrete, Batching and Mixing.
Concrete shall be mixed by 2 mechanical batch-type
mixing plant provided with adequate facilities for ac-
curate measurement and control of each material «a-
tering the mixer and for changing the proportions to
conform to varying conditions of the work. The mixing-
plant assembly shall permit ready inspection of opera-
tions at all times. The plant and its location shall be
subject to approval by the Contracting Officer.

a. Batching units shall be supplied with the follow-
ing items:

(1) Weighing unit shall be provided for each type
of material to indicate the scale load at convenient
stages of the weighing operations. Weighing units
shall be checked at times directed by and in the pre-
sence of the Contracting Officer, and required adjust-
ments shall be made before further use.

(2) Water mechanism shall be tight, with the
valves interlocked so that the discharge valves cannot
be opened before the filling valve is fully closed, and
shall be fitted with a graduated gage.

(3) Discharge gate shall control the mix to pro-
duce a ribboning and mixing of cement with aggregate.
Delivery of materials from the batching equipment to
the mixer shall be accurate within the following limits:
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Percentage Percentage
Materfal by Weight Material l)y Weight

Cement z1 Fine £2
aggregate
Water z1 Coarse +2
aggregate
b. Mixing unit:
{1) Operation: Mixers shall not be charged in
excess of rated capacity nor be oper-.tt s of

rated speed. Excessive mixing, requu . auon of
weter to preserve required consistency, will not be
permitted. Tbe entire batch shall be discharged be~
fore recharging.

(2) Mixing time shall be measured from the in-
stant water s introduced into the drum containing all
solids. All mixing water shall be introduced before
one fourth of the mixing time hzs elapsed. Mixing
time for mixers of 1 yd® or less shall be 1Y, minutes;
for mixers iaryer than 1 yd?, mixing time shall be
increased 15 scconds for each additional haif cubic
yard or fraction thereof.

{3) Dizchargo lock: Unless waived by the Coa-
tracting Officer, a device to lock the dlscharge mech-
anism until the required mixing time has elapsed shall
be provided on each muxer.

G.3.11 Ready-mixed Coacrete. Re.ds -mixed con-
crete may be used, unless disapproved 'y the Contract-
1ng Officer. Except for materials here'n specified,
ready-mixed concrete shall coaform to ASTM Standaru
C 94 (CRD-C 31).

G.3.12 Construction Joints. Concrete shall be
placed continuously 20 that the unit of operation will
be monolithic {n construction. At least 48 hours shall
elapss between the casting of ad »ining units, udless
this requirement is waived by tte Contracting Officer.
Lifts shall terminate at such le' elg as are indicated
on the drawings, or as conform to structural require-
ments, or as directed by the Coatracting Officer.
Special provision shall be made for jolnting success-
ive pours as detailed on drawings or required by the
Contracting Officer.

G.3.13 Preparation for Placing. Water shall be
removed {rom excavation before coacrete is deposited.
Any flow of water shall be diverted through proper side
drains and shull be removed without washing over
{reshly deposited concrete. Hardened concrete, de-
bris, and foreign materials shall be removed from in-
terior of forms and from {nner surfaces of mixing and
conveying equipment. Reinforcement shall be secured
in position, inspected, and approved by the Contract-
ing Officer before pouring of concrete. Runways shall
be provided for wheeled concrete-hardling equipment;
such equipment shall not be wheeled over reinforce-
ment nor shall runways be supported on reinforcement.

G.3.14 Placing Concrete. Ths use of belt convey-~
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ors, chutes, or other similar equipmaeat will not be
permitted without written approval by the Contracting
Officer. Concrete shall be handled from mixer or

transport vehicle to prace of final ueposit in a con-
tinuous manner, as rapidly as practicable, and without
segregation or luss of ing1edients until the approved
unit of operaticn i8 completed. Concrete that has at-
tained its initial sct or has conta:ined its mixing water
for more than 45 minuates shall not be placed in the
work. Placing will not be permitted when, in the opimn-
ton of the Contracting Officer, the sun, beat, wind, or
limitations of facilities furnished by the contracter
prevent proper finishing and curing of the concrete.
Forms or reinforcement shall not be splashed with
concrete in advance of pouring. Concrete shall be
nlaced in the forms as nearly as practicable in final
position. Immediately after placing, concrete shall

be compacted by thoroughly agitating 1n an approved
manner. Tapping or other external vibration of forms
will pot be permitted. Concrete shall sot be placed

on concrete sufficiently hard to cause formation of
seams and planes of weakness within the gection. Con-
crete shall not be allowed o drop {reely more than S
feet in unexposed work nor more than 3 feet in exposed
work; where greater drops are required, a tremie or
other approved means shall be employed. The dis-
charge of the tremies shall be controlled so that the
concrete may be effectively compacted into horizonial
layers not more than 12 inches thick, and the spacing
of the tremies shall be such that segregation does not
occur.

a. Placing temperature during cold weather: Con-
creto shall not be placed when the ambient tempera-~
ture is below 35° F nor when the concrete without spe-
cial protection is ltkely to be subjected to freezing
temperature before final set has occurred. The tem-
perature of the concrete when placed shall be not less
than 40° F nor more than 60°F. Heating of the mix-
ing water and/or aggregates will not be permitted until
the temperature of the concrete has decreased to 45° F.
Heated materials shall be free from ice, snow, and
frozen lumps bafore ente: ing the mixer. bfethods and
equipment for heating shali be subject to approval by
the Contracting Officer. Suitable means shall also be
provided for maintaining the concrete at a temperature
of at least 40° F for not leas than 72 hours after plac-
ing. Salt, chemicals, or other foreign materials shall
not be mixed with the concrete to prevent {reezing.
Any concrete damaged by freezing shall be removed
and replaced at the expense of the contractor.

b. Earth-foundation placement: Concrete footings
shall be placed upon 'ndisturbed clean surfaces, free
from frost, ice, mud, and water. When the founda-
tion is on dry soil o~ pervious material, waterproof
aheathing paper shell be laid over earth surfaces to
recelve concrete.

¢. Chute placement: When, upon written approval
of the Contracting Officer, concrete is conveyed by
chute, there shall be a continuous flow of concrete.
The chute shall be of metal or metal-lined wood, with
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sections set at approximately the same slope, namely,
not less than § vertical t 3 horizontal nor more thun
1 vertical to 2 borizontal. The discharge end of the
chute snall be provided with a baffle plate to prevent
segregation. If the height of the discharge end of
chute is more than 3 times the thickness of layer be-
ing deposited, but not more than 5 feet above surtace
of concrete in forms, a spout shall be used, and the
lower end maintained as near surface of deposit as
practicable. When pouring i8 intermittent, the chute
shall discharge into a hopper. The chute shali be
thoroughly cleaned hefore and after each run. Waste
material and flushing water shall be discharged out-
side the forms.

d. Pump placement: Where concrete is conveyed
and placed by pumping, the plant and equipment shall
be approved by the Contracting Officer. Operation of
pump shall be such that a continuous stream of con-
crete without air po.kets is produced. When pumping
is completed, concrate to be used remaining in pipe-
line shall be ejected wmithout contar:ination of concrete
or separation of ingredients. After each operation,
equipment shall be thoroughly cleaned, and debris
and flushing water shall be washed outside forms.

G.3.15 Compaction. Concrete shall be placed in
layers not over 12 1aches deep. Each layer shall be
compacted by meclLamcal internal-vibrating equip-
ment supplemented by hand spading, rodding, and
tamping as directed by the Contracting Officer. Vi-
brators shall 1n no case be used to transport concrete
inside forms. ''se of form vibrators will not be per-
mitted. Internal vibrators shall maintain a speed of
not less than 6,000 impulses per minute wher sub-
merged in the concrete. Duration of vibration shall
be limited to time necesrary to produce satisfactory
consolidation without causing objectionable segregation
and shall be at least 20 seconds psf of exposed surface.
The vibrator shall not be inserted into lower courses
that have begun to set. Vibrators shall be applied at
uniformly spaced points not farther apart than the
visible effectiveness of the machine.

G.3.18 Bonding and Grouting. Before depositing
new concrete on or against concrete that hzs set,
existing surfaces shall be thoroughly roughened and
cleaned of laitance, foreign matter, and loose parti-
cles. Forms shall be re-tightened and existing sur-
faces slushed with a grout coat consisting of cement
and fine aggregate in the same proportions as con-
crete to be placed. New concrete shall bs: placed be-
fore the grout has attained initial set. Horizontal
construction jofnts shall be given a brush coat of
grout consisting of cement and fine aggregate in same
proportion as concrete to be placed, followed by ap~
proximately 3 inches of concrete of regular mix ex-
cept that the proportion of coarse aggregate shall be
reduced 50 percent. Grout for setting metal items

shall be composid of equal parts of sand and portland
cement, w.th water sufficient to produce required
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consistency.

G.3.17 Slabs on Grade. Any {1ll .ndicated or re-
quired to raise the subgrade shall be installed as
specified under Section G.1, EXCAVATION, FILLING,
AND BACKFILLING. Concrete shall be compacted,
screeded to grade, and prepared for the specified
finssh.

G.3.18 Concrete Floor Fimish. Concrete floor
slabs shali be screeded and wood floated to the re-
quired level of the fimshed floors, as shown on the
drawings.

G.3.19 - rlug. Curing shall be accomplished by
preventing loss of moisture, rapid temperature change,
and mechanical injury or injury from rain or flowing
water for a period of 7 days when normal portland ce-
ment has be>a used or 3 days when high-early-streagth
portiand cement has been used. Curing shall be
startew 48 soon after placing and {inishing as free
water has disappeared {rom the surface of the con-
crete. Curing may be accomplished by any of the
following methods or combination thereof, as approved
by the Contracting Officer.

a. Moist curing: Unformed surfaces shall be
covered with burlap, cotton, or other approved fabric
mats, or with sand and shall be kept contiaually wet.
Forms shail be kept continually wet and If removed
before the end of the curing period, curing shall be
conttnued as on unformed surfaces, using suitable
materials. Burlap shall be used only on surfaces
which will be unexposed 1n the finished work and shall
be 1n two layers.

b. Waterproof-paper curing: Surfaces shall be
covered with waterproof paper lapped 4 inches at
edges and ends and sealed. Paper shall be weighted
to prevent displacement, and tears or boles appearing
during the curing period shall be immediately repaired
by patching.

c. Membrane curing: Membrane curing compound
shall be applied by power spraying equipment using a
spray nozzle equipped with a wind guard. The com-
pound shall be applied in 2 two-coat, continuous opera-
tion at a coverage of not more than 200 ft}/gal for both
coats. When application {8 made by hand sprayers,
the second coat shall be applied in a direction approx{-
mately at right angles to the direction of the first coat.
The compound shall form a uniform, continuous, ad-
herent film that shall not check, crack, or peel, ~nd
shal' be {ree from pinholes or other Imperfecticns.
Surfaces subjected to heavy rainfall within 3 bours
after compound has been applied or surface damaged
by subsequent construction cperations within the cur-
ing perfod shall be resprayed at the rate specified
ahove. Surfaces coated with curing compound shall
be kept free of foot and vehicular traffic and other
sources of abrasion during the curing period.

G.4 MISCELLANBOUS METALWORK
The work covered by this section of the specifica-

tion consists 1n fu: .:stung all plant, labor, equipment
appliances, and materials, and in performing all op-
erations (n connectiva with the instaliatios of miscel-
aneous metajwork, complete, Including all sheif
angles attached 10 the concrete, all steel hatcbes, all
pipe sleeves, 1nnerts, and anchor bolts, and miscel-
lanevus bars, piates, and uther accessories necessary
for the completion of the work 1n strict accordance
with this section of the specifications and the applicable
drawings, and fubject to the terms and conditions of
the coatract.

G.4.1 Applicable Specifications and Codes. Tbe
folio" Ang specifications and codes form a part of this
spectfication:

a. Federal Specifications:
= GQ-5-741 and Am-3 Steel, Structural (including
Welding) and Rivet; (for) Bridges and Buildings.
WW-P-406 and Am-1 Pipe; Steel 20d Ferrous-
Alloy (for) Urdinary Uses (Iron-Pipe Size)-
(CED-C 529).
TT-P-86A Type | and II Red Lead Primer.
TT-A-468A Type Ii Class B Aluminum 2ig-
ment.
TT-V-818 Type lI Clase B Varnish, Mixing.

b. American Institute of Steel Construction Pub-
lications:
Code of Standard Practice for Stecl Build! g8
and Bridges.
Specification {or the Design, Fabrication and
Erection of Structural Steel for Buildings.

¢. American Welding Society Code:
Arc and Gas Welding in Building Coanstruction. ¢

G.4.2 General.

3. Shop drawings: Shop drawings of all items of
miscellaneous metalwork sball be submitted to the
Coatracting Officer for approval. Material fabricated
or delivered to the site befere the approved shop draw-
ings have been received by the coatractor rball be sub-~
ject to rejection by the Contracting Officer.

b. Mill reports: The contractor shall furnish,
without extra cost to the Government, two certified
copies of all mil] reports cnvering the caemical and
physical properties of the ~tcel used in the work urder
this specification.

¢c. Substitutions: Subatitutions of sections, or
modificatione of detafls, >r both, shall be made only
when approved by the Coatracting Officer providing,
however, the strength sud stiffness shall be at least
equal to the original design.

d. Reaponasibility for errors: The contractor aions
shall be reaponsible for all errors of fabrication and
for the correct fitting of the structural wembers
shown on the shop drawings.

G.4.3 Materials. }
2. Structural steel: Structural steel shall conform
to the requirements of Federal Specifications QQ-3-
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T4 and Am-3, Type lorll, G.ade B, Class L.

b. Anchor bolts: All anchor bolts shail conlorm
to the requirements for structural steel.

¢. Slecves: Pipe sleeves tor anchor bolts shall
conform to the requireme sts of Fuoderal Specification
WW-P-406 and Am-1 (CRD-C 529).

d. Manhole rungs Manhcie rangs shall be Hoh-
mann and Barnard, lnc., 204 East oldrd Street, New
York City, Style P or equal.

G.3 1 Fabnication.  Insofar as possible, work shall
be nitted and shop assembled, ready tor erectioa.
Work shall conform to the drawngs, details, and ap-
proved shHp drawings. Shop at-f ficeld connections
shail be welded, attacho . with screws, and samdar
fastenmings, all in accotn ewe with a high standard of
workmanship for the cla: ~ ot wark concerned, and as
approved by ihe Contracung Officer. Jointing and tn-
tersections shi be accurately made n true planes,
tightly Gitted and drawn up, welded, and dressed
smooth.

3 Galvamzing: Wherever galvanizing 18 called for
on the draw: .y the metal shall be hot-dip galvanized
after fubrication, using not less thaa 2 ounces of 2inc
per square toot of surface area in conformance with
the current ASTM Specification A-123.  All parts to
he galvanised shall be thoroughly cleaned and pickled
before gulvamzing.

b. Miscellancous: Items not specifically referred
to above shail be ‘urmished. vonstructed, and installed
as showz on the dr wings or as approve s by the Con-
tracting fficer.

¢. Escape hated door: The escape hatch Joor and
all miscellaneous accessories shall be fabricated and

installed as shown on the desym drawings.

G.4.5 Inspection and Tests. The material to be
furnt~hed under s specaieation shall be subject to
mspection and tests in the mill, shop, and freid by
authorized Government inspectors.  Inspection ard
tests will be conducted without expense to the coutrac-
tor, however, inspection in the mill or shop shall not
reneve the contractor of his 1esponsibility to reject
any material at any time before final acceeptance of
the butlding when, 1n the opinion of the Contracting
Officer, the materials and workmanship de not con-
form to the specification requirements.  Test speci-
niens shall be made of sufficient number to determine
the average yield puint stress for the various struc-
tures.

G.4.6 Design. The design of members and con-
nections for ail portivns of the structure are indicated
on the drawings. In the ¢vent that 1t 1s deemed neces-
sary to modify or change anv member or connections
such design drawings shall be submitted to the Con-
tracung Officer for approval vefore any matertal is
fabricated. Subscquent to approval by the Contracting
Officer, no waanges or modifications shall be made
without his consent.

G.4.7 Pamting. All iron and steelwork except that
which 18 shown or specified as galvanized shall be
cleaned of all dirt, scale, and rust and shall be given
one shop coat of red lead in 01l primer conforming to
Federal Specification TT-P-86A Type 1 or II.  After
erection all abraded surfaces shall be touched up with
shop paint.
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Unclassified.

31. 8. Ruff; “Brief Acceleration”; Chapter VI-C in German Aviation Medicine, World War II, pages 584-
§97, 1950; U.S. Government Printing Office, Washington, D.C.
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€801 Telegraph Road
Alexandnia, Virginia 22310-3398
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ATTN: OCD/Mr Bill Bush

SUBJECT: Change of Distribution Statement
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325-1034.

FOR THE DIRECTOR:

Aadikd
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Chief
Technical Support
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